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(54) Surface acoustic wave apparatus and manufacturing method therefor 



(57) A manufacturing method for a SAW apparatus 
is disclosed. A first insulating layer (2) is formed on the 
entire surface of a piezoelectric LiTa0 3 substrate (1). By 
using a resist pattern (3) used for forming an IDT elec- 
trode, the first insulating layer (2) in which the IDT elec- 
trode is to be formed is removed. An electrode film (4) 



FIG. 1A 



made of a metal having a density higher than Al, or of 
an alloy primarily including such a metal, is disposed in 
the area in which the first insulating layer is removed so 
as to form the IDT electrode. The resist pattern (3) re- 
maining on the first insulating layer (2) is removed. A 
second insulating layer (6) is formed to cover the first 
insulating layer (20) and the IDT electrode. 
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Description 

BACKGROUND OF THE INVENTION 

5 1 . Field of the Invention 

[0001] The present invention relates to a surface acoustic wave (SAW) apparatus used in, for example, resonators 
and bandpass filters, and also to a manufacturing method forthis type of SAW apparatus. More specifically, the invention 
relates to a SAW apparatus having a structure in which an insulating layer is formed to cover an interdigital (IDT) 
10 electrode, and also to a manufacturing method for this type of SAW apparatus. 

2. Description of the Related Art 

[0002] It is demanded that DPX or RF filters used in mobile communications systems satisfy wide-band and good 

15 temperature characteristics. In known SAW apparatuses used in DPX or RF filters, piezoelectric substrates formed of 
36° to 50° -rotated Y-cut X-propagating LiTa0 3 are used. This type of piezoelectric substrate has a temperature coef- 
ficient for the frequency (TCF) of about -40 to -30 ppm/°C. In order to improve the temperature characteristic, it is 
known that a Si0 2 film having a positive TCF is formed to cover an IDT electrode on a piezoelectric substrate. An 
example of a manufacturing method for this type of SAW apparatus is shown in Figs. 1 09A through 1 09D. 

20 [0003] As shown in Fig. 109A, a resist pattern 52 is formed on a piezoelectric substrate 51 , except for an area in 
which an IDT electrode is to be formed. Then, as shown in Fig. 109B, an electrode film 53, which serves as an IDT 
electrode, is formed on the entire surface of the piezoelectric substrate 51 . Subsequently, by using a resist stripper, 
the resist pattern 52 and a metallic film attached on the resist pattern 52 are removed, thereby forming an IDT electrode 
53A, as shown in Fig. 1 09C. Then, as shown in Fig. 1 09D, a Si0 2 film 54 is formed to cover the IDT electrode 53A. 

25 [0004] For achieving an object other than an improvement in the TCF, another manufacturing method for a SAW 
apparatus in which an insulating or non-conductive protective film is formed to cover an IDT electrode is disclosed in 
Japanese Unexamined Patent Application Publication No. 11-1 86866 (document 1). Fig. 1 1 0 is a schematic sectional 
view illustrating a SAW apparatus 61 disclosed in this publication. In the SAW apparatus 61 , an IDT electrode 63 made 
of Al or an alloy primarily including Al is disposed on an insulating substrate 62. In an area other than an area in which 

30 the IDT electrode 63 is disposed, an insulating or non-conductive inter-electrode-finger film 64 is formed. An insulating 
or non-conductive protective film 65 is also formed to cover the IDT electrode 63 and the inter-electrode-finger film 64. 
In the SAW apparatus 61 disclosed in this publication, the inter-electrode-finger film 64 and the protective film 65 are 
made of an insulating material, for example, Si0 2 , or a non-conductive material, for example, silicone. By forming the 
inter-electrode-finger film 64, a characteristic deterioration of the SAW apparatus 61 due to discharging between the 

35 electrode fingers caused by a pyroelectric property unique to the piezoelectric substrate 62 can be suppressed. 

[0005] Japanese Unexamined Patent Application Publication No. 61-136312 (document 2) discloses the following 
type of one-port SAW resonator. An electrode made of a metal, such as aluminum orgold, is disposed on a piezoelectric 
substrate made of quartz or lithium niobate. Then, after a Si0 2 film is formed, it is planarized. In this resonator, high 
resonance characteristics can be achieved by planarizing the Si0 2 film. 

40 [0006] As shown in Figs. 109A through 109D, in the manufacturing method for a SAW apparatus in which the Si0 2 
film 54 is formed for improving the TCF, the height of the Si0 2 film 54 is different between a portion with the IDT 
electrode 53A and a portion without the IDT electrode 53A. Accordingly, because of the difference in the height of the 
Si0 2 film 54, the insertion loss is increased. This difference in height is increased as the thickness of the IDT electrode 
53A becomes larger. Thus, the thickness of the IDT electrode 53A cannot be increased. 

45 [0007] In the SAW apparatus 61 disclosed in document 1 , after the inter-electrode-finger film 64 is formed between 
the electrode fingers of the IDT electrode 63, the protective film 65 is formed. Accordingly, the height of the protective 
film 65 becomes the same, unlike the SAW apparatus shown in Figs. 1 09A through 1 09D. 

[0008] In this configuration, however, since the inter-electrode-finger film 64 is formed in contact with the IDT elec- 
trode 63, which is made of Al or an alloy primarily including Al, a sufficient reflection coefficient cannot be obtained in 

50 the IDT electrode 63, thereby encouraging the generation of ripples in the resonance characteristic. 

[0009] Also, in the manufacturing method disclosed in document 1, the resist formed on the inter-electrode-finger 
film 64 must be removed by a resist stripper before forming the protective film 65. In this case, the IDT electrode 63 
may be disadvantageously eroded by the resist stripper. This requires the use of erosion-resistant metal for the IDT 
electrode 63, thereby decreasing the flexibility to select the type of metal forming the IDT electrode 63. 

55 [0010] In the one-port SAW resonator disclosed in document 2, quartz or lithium niobate is used for the piezoelectric 
substrate, and the electrode is made of aluminum or gold. In the embodiment of this publication, however, an example 
in which an electrode made of A1 is disposed on a quartz substrate is merely disclosed, and no specific reference is 
made to a SAW apparatus using a substrate made of another type of material or an electrode made of another type 
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of metal. 

[0011] Document 2 discloses that high resonance characteristics can be obtained by planarizingthe Si0 2 film. Then, 
in order to obtain a wide-band filter, the present inventors formed a one-port SAW resonator having a structure similar 
to that disclosed in document 2, except that a LiTa0 3 substrate exhibiting a large electromechanical coupling coefficient 

5 was used as a piezoelectric substrate, and examined the characteristics of the one-port SAW filter. More specifically, 
an Al electrode was formed on the LiTa0 3 substrate, and then, a Si0 2 film was formed and the surface of the Si0 2 film 
was planarized. However, a considerable deterioration in the characteristics after the formation of the Si0 2 film was 
observed, and the present inventors found that this SAW resonator cannot be put to practical use. 
[0012] By the use of a LiTa0 3 substrate or a LiNb0 3 substrate having a larger electromechanical coupling coefficient 

10 than quartz, the fractional bandwidth is considerably increased. However, after being committed to a study, the present 
inventors found that, after the formation of an Al electrode on a LiTa0 3 substrate and the formation of a Si0 2 film, the 
reflection coefficient was sharply decreased to about 0.02, as shown in Figs. 2 and 3, caused by the planarization of 
the Si0 2 film. Figs. 2 and 3 illustrate the relationship between the reflection coefficient and the thickness H/X of the 
IDT electrodes when the IDTs made of Al, Au, Pt, Cu, and Ag having various thickness values and a Si0 2 film were 

15 formed on a LiTa0 3 substrate having Euler angles (0°, 126°, 0°). The solid lines in Figs. 2 and 3 indicate the reflection 
coefficient when the surface of the Si0 2 film was not planarized, as schematically represented in Figs. 2 and 3. The 
broken lines indicate the reflection coefficient when the surface of the Si0 2 film was planarized. 
[0013] Figs. 2 and 3 show that, when the Al electrode was used, the reflection coefficient is considerably decreased 
to about 0.02 by the planarization of the surface of the Si0 2 film, regardless of the thickness of the IDT electrode. 

20 Accordingly, a sufficient stop band cannot be achieved, causing the generation of sharp ripples in the vicinity of the 
antiresonant frequency. 

[0014] It is known that the reflection coefficient becomes larger as the thickness of an electrode is increased. As is 
seen from Figs. 2 and 3, however, when an Al electrode is used and the surface of the Si0 2 film was planarized, the 
reflection coefficient is not increased as the thickness of the electrode is increased. 
25 [0015] In contrast, as is seen from Fig. 2, by the use of the Au or Pt electrode, the reflection coefficient is increased 
as the thickness of the electrode is increased even when the surface of the Si0 2 film was planarized. 

SUMMARY OF THE INVENTION 

30 [0016] After being committed to a study based on the above-described discovery, the present inventors have made 
the present invention. In view of the above background, it is an object of the present invention to provide a SAW 
apparatus in which an insulating layer is formed between electrode fingers of an IDT electrode and on the IDT electrode 
so as to exhibit a sufficiently large reflection coefficient of an IDT electrode and to suppress a characteristic deterioration 
caused by ripples generated in the resonance characteristic, resulting in a high resonance characteristic and a high 

35 filter characteristic, and also to provide a manufacturing method for such a SAW apparatus. 

[0017] It is another object of the present invention to provide a SAW apparatus that exhibits improved characteristics, 
for example, a sufficiently large reflection coefficient of an IDT electrode, and that has a high flexibility to select the 
type of material forming the IDT electrode so as to decrease the possibility of erosion of the IDT electrode, and also 
to provide a manufacturing method for such a SAW apparatus. 

40 [0018] It is still another object of the present invention to provide a SAW apparatus that exhibits improved charac- 
teristics, for example, a sufficiently large reflection coefficient of an IDT electrode, and decreases the possibility of 
erosion of the IDT electrode, and also that exhibits an improved temperature coefficient for the frequency (TCF), and 
also to provide a manufacturing method for such a SAW apparatus. 

[0019] In order to achieve the above objects, according to a first aspect of the present invention, there is provided 
45 a SAW apparatus including: a piezoelectric substrate; at least one electrode formed on the piezoelectric substrate and 
made of a metal having a density higher than Al or an alloy primarily including the metal; a first insulating layer formed 
in an area other than an area in which the electrode is formed such that the first insulating layer has substantially the 
same thickness as the thickness of the electrode; and a second insulating layer formed to cover the electrode and the 
first insulating layer. The density of the electrode is 1 .5 times or greater than that of the first insulating layer. 
50 [0020] With this configuration, a sufficient reflection coefficient of the electrode can be obtained. Thus, ripples gen- 
erated in the resonance characteristic or the antiresonance characteristic can be shifted outside the pass band, and 
the ripples themselves can be suppressed. The TCF is also improved. Additionally, since the height of the electrode 
is substantially the same as that of the first insulating layer, the insertion loss can be inhibited. 

[0021] According to a second aspect of the present invention, there is provided a SAW apparatus including: a pie- 
55 zoelectric substrate; at least one electrode formed on the piezoelectric substrate; a protective metal film formed on the 
electrode and made of a metal or an alloy exhibiting a higher erosion-resistant characteristic than a metal or an alloy 
forming the electrode; a first insulating layer formed in an area other than an area in which the electrode is formed so 
that the thickness of the first insulating layer is substantially the same as the total thickness of the electrode and the 
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protective metal film; and a second insulating layer formed to cover the protective metal film and the first insulating layer. 
[0022] With this configuration, since the electrode is covered with the protective metal film and the first insulating 
layer, the erosion of the electrode by a resist stripper when removing a resist pattern according to a photolithographic 
technique can be suppressed. 

5 [0023] In the second aspect of present invention, the average density of a laminated structure of the electrode and 
the protective metal film may be 1 .5 times or greater than the density of the first insulating layer. With this arrangement, 
unwanted ripples appearing in the resonance characteristic or the filter characteristic are shifted outside the pass band, 
and resonance occurs. 

[0024] In the first or second aspect of the present invention, the first and second insulating layers may be formed of 

10 Si0 2 . It is thus possible to provide a SAW apparatus having an improved TCF. 

[0025] In the first or second aspect of the present invention, the reflection of a SAW may be preferably utilized. The 
structure of a SAW apparatus utilizing the reflection of a SAW is not particularly restricted, and an end-face-reflection- 
type SAW apparatus utilizing the reflection of two opposing side faces of a piezoelectric substrate or a SAW apparatus 
provided with reflectors disposed to sandwich an electrode therebetween in the SAW propagating direction may be 

15 formed. 

[0026] The SAW apparatus of the first or second aspect of the present invention can be used in various types of 
SAW resonators and SAW filters. The SAW resonator may be one-port resonator or a two-port resonator, and the SAW 
filter may be a two-port resonator filter, a ladder filter, or a lattice filter. 

[0027] In the first or second aspect of the present invention, the electrode may be an IDT electrode. The IDT electrode 
20 may be a unidirectional electrode, in which case, the insertion loss can be reduced. Alternatively, the electrode may 
be a reflector. 

[0028] In the first or second aspect of the present invention, the piezoelectric substrate may be a LiTa0 3 substrate 
having Euler angles (0+3°, 104° to 140°, 0+3°); the first and second insulating layers may be formed of a Si0 2 film; 
the normalized thickness Hs/A.may range from 0.03 to 0.45 where Hs indicates a total thickness of the Si0 2 film forming 
25 the first and second insulating layers and A, represents the wavelength of a SAW; and the normalized thickness H/A, of 
the electrode may satisfy the following expression (1): 



0.005 < H/A. < [(0.00025 Xp 2 )- (0.01 056 Xp) + (0.16473)] Expression (1) 

30 

where H indicates the thickness of the electrode, X represents the wavelength of the SAW, and p represents the average 
density of the electrode. 

[0029] As the metal forming the electrode, Au, Ag, Cu, W, Ta, Pt, Ni, or Mo may be used. 

[0030] In the present invention, the electrode maybe made of one of the above-described metals or an alloy primarily 
35 including such a metal, or formed of a laminated film including a primary metallic film made of one of the above- 
described metals or an alloy and at least one secondary metallic film made of another metal. In this case, according 
to the type of metal, the normalized thickness H/A, of the electrode, the Euler angles of the piezoelectric substrate, and 
the total normalized thickness Hs/X of the first and second Si0 2 insulating layers are defined to specific ranges, thereby 
improving the electromechanical coupling coefficient, the reflection coefficient, and the TCF. The attenuation constant 
40 can also be reduced. 

[0031] According to a third aspect of the present invention, there is provided a manufacturing method for the SAW 
apparatus according to the first aspect of the present invention. The manufacturing method includes the steps of: 
preparing a piezoelectric substrate; forming a first insulating layer on the entirety of one surface of the piezoelectric 
substrate; removing, by using a resist pattern for forming an electrode pattern including at least one electrode, the first 

45 insulating layer in an area in which the electrode is to be formed, and maintaining a laminated structure of the first 
insulating layer and the resist pattern in an area other than the area in which the electrode is to be formed; forming the 
electrode by forming an electrode film including a metal having a density higher than Al, or including an alloy primarily 
including the metal, in the area in which the first insulating layer is removed so that the thickness of the electrode film 
becomes substantially the same as the thickness of the first insulating layer; removing the resist pattern remaining on 

50 the first insulating layer; and forming a second insulating layer to cover the first insulating layer and the electrode. 

[0032] With this configuration, since the second insulating layer is formed to cover the first insulating layer and the 
electrode, there is substantially no difference in the height of the top surface of the second insulating layer, thereby 
reducing the insertion loss. Additionally, since the electrode is made of a metal or an alloy having a density higherthan 
Al, the reflection coefficient of the electrode can be improved, thereby suppressing a characteristic deterioration caused 

55 by unwanted ripples. 

[0033] In the manufacturing method of the third aspect of the present invention, the density of the metal or the alloy 
forming the electrode maybe 1 .5 times or greater than that of the first insulating layer. With this arrangement, unwanted 
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ripples appearing in the resonance characteristic or the filter characteristic are shifted outside the pass band, and 
resonance occurs. 

[0034] According to a fourth aspect of the present invention, there is provided a manufacturing method for the SAW 
apparatus of the second aspect of the present invention. The manufacturing method includes the steps of: preparing 

5 a piezoelectric substrate; forming a first insulating layer on the entirety of one surface of the piezoelectric substrate; 
removing, by using a resist pattern for forming at least one electrode, the first insulating layer in an area in which the 
electrode is to be formed, and maintaining a laminated structure of the first insulating layer and the resist pattern in an 
area other than the area in which the electrode is to be formed; forming the electrode by forming a metal or an alloy 
in the area in which the first insulating layer is removed; forming, after the formation of the electrode, a protective metal 

10 film made of a metal or an alloy exhibiting a higher erosion-resistant characteristic than the metal or the alloy forming 
the electrode on the entire surface of the electrode so that the height of the protective metal film becomes substantially 
the same as the height of the first insulating layer; removing the resist pattern on the first insulating layer and the 
protective metal film; and forming a second insulating layer to cover the protective metal film formed on the electrode 
and the first insulating layer. 

15 [0035] With this configuration, in the step of removing the resist pattern on the first insulating layer and the protective 
metallic film, since the side surfaces of the electrode are covered with the first insulating layer and the top surface is 
covered with the protective metal film, the erosion of the electrode can be suppressed. 

[0036] In the fourth aspect of the present invention, the metal or the alloy forming the electrode, and the metal orthe 
alloy forming the protective metal film, may be selected so that the average density of the laminated structure of the 
20 electrode and the protective metal film becomes 1 .5 times or greater than the density of the first insulating layer. With 
this arrangement, unwanted ripples appearing in the resonance characteristic orthe filter characteristic are shifted 
outside the pass band, and resonance occurs. 

[0037] According to a fifth aspect of the present invention, there is provided, a manufacturing method for a SAW 
apparatus. The manufacturing method includes the steps of: preparing a piezoelectric substrate; forming an electrode 
25 on the piezoelectric substrate; forming an insulating layer to cover the electrode; and planarizing a difference of the 
height of the insulating layer between a portion with the electrode and a portion without the electrode. Accordingly, a 
characteristic deterioration caused by the difference of the height of the top surface of the insulating layer can be 
suppressed. 

[0038] In the fifth aspect of the present invention, the planarizing step may preferably be performed by an etch back 
30 process, a reverse sputtering process, or a polishing process. 

[0039] The above and other objects, features and advantages of the present invention will become clear from the 
following description of preferred embodiments thereof, given by way of example, illustrated with reference to the 
appended drawings, in which: 

35 BRIEF DESCRIPTION OF THE DRAWINGS 

[0040] 

Figs. 1 A through 1G are partial sectional views schematically illustrating a manufacturing method for a SAW ap- 

40 paratus according to a first embodiment of the present invention; 

Fig. 2 illustrates the relationship between the reflection coefficient and the electrode thickness when the surface 
of a Si0 2 film is planarized and when the surface of the Si0 2 film is not planarized in a one-port SAW resonator 
in which IDT electrodes made of aluminum (Al), Gold (Au), or platinum (Pt) having various thickness values and 
the Si0 2 film having a normalized thickness of 0.2 are formed on a LiTa0 3 substrate having Euler angles (0° , 1 26°, 

45 o°); 

Fig. 3 illustrates the relationship between the reflection coefficient and the electrode thickness when the surface 
of a Si0 2 film is planarized and when the surface of the Si0 2 film is not planarized in a one-port SAW resonator 
in which IDT electrodes made of Al, copper (Cu), or silver (Ag) having various thickness values and the Si0 2 film 
having a normalized thickness of 0.2 are formed on a LiTa0 3 substrate having Euler angles (0°, 126°, 0°); 
50 Fig. 4 illustrates the impedance characteristic and the phase characteristic with respect to the frequency when the 

Si0 2 film of a SAW resonator formed by a manufacturing method of a first comparative example was changed; 
Fig. 5 illustrates the relationship between the Figure of Merit (MF) of the resonator and the normalized thickness 
of the Si0 2 film of the SAW resonator of the first comparative example; 

Fig. 6 is a schematic plan view illustrating a one-port SAW resonator obtained by the manufacturing method shown 
55 in Figs. 1 A through 1 G; 

Fig. 7 illustrates the impedance characteristic and the phase characteristic with respect to the frequency when the 
Si0 2 film of the SAW resonator obtained by the manufacturing method of the first embodiment was changed; 
Fig. 8 illustrates the relationship of yto the normalized thickness of the Si0 2 film of the SAW resonator obtained 
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by the manufacturing method of the first embodiment and that of the first comparative example; 
Fig. 9 illustrates the relationship of the MF to the normalized thickness of the Si0 2 film of the SAW resonator 
obtained by the manufacturing method of the first embodiment and that of the first comparative example; 
Fig. 1 0 illustrates the relationship between the temperature coefficient forthe frequency (TCF) and the normalized 
5 thickness of the Si0 2 film of the SAW resonator obtained by the manufacturing method of the first embodiment 

and that of the first comparative example; 

Fig. 11 illustrates the impedance characteristic and the phase characteristic with respect to the frequency of a 
SAW resonator with a Si0 2 film, and a SAW resonator without a Si0 2 film, both manufactured by a second com- 
parative example; 

10 Figs. 1 2A through 1 2E illustrate the impedance characteristic with respect to the frequency when the ratio of the 

average density of the IDT electrode and the protective metal film to the density of the first insulating layer was 
changed; 

Fig. 13 illustrates a change in the electromechanical coupling coefficient when IDT electrodes made of various 
metals having various thickness values were formed on a LiTa0 3 substrate having Euler angles (0°, 126°, 0°); 
15 Fig. 14 illustrates the relationship of the range of the electrode normalized thickness that exhibits greater electro- 

mechanical coupling coefficients than Al to the density of the corresponding electrode when IDTs made of various 
metals were formed on a LiTa0 3 substrate; 

Fig. 15 is a plan view illustrating a SAW apparatus according to a second embodiment of the present invention; 
Fig. 1 6 illustrates the relationship between the electromechanical coupling coefficient and the normalized thickness 
20 of IDTs when the IDTs made of Au, Ta, Ag, Cr, W, Cu, Zn, Mo, Ni, and Al were formed on a 36°-rotated Y-cut X- 

propagating LiTa0 3 substrate having Euler angles (0°, 126°, 0°); 

Fig. 1 7 illustrates the relationship between the reflection coefficient of a single electrode finger and the normalized 
thickness of the IDTs of IDTs made of various electrode materials on a 36°-rotated Y-cut X-propagating LiTa0 3 
substrate having Euler angles (0°, 126°, 0°); 
25 Fig. 18 illustrates the relationship between the attenuation constant a and the normalized thickness of IDTs when 

the IDTs made of Au, Ta, Ag, Cr, W, Cu, Zn, Mo, Ni, and Al were formed on a 36°-rotated Y-cut X-propagating 
LiTa0 3 substrate having Euler angles (0°, 126°, 0°); 

Fig. 19 illustrates a change in the TCF with respect to the normalized thickness of a Si0 2 film when an Au IDT 
having a normalized thickness of 0.02 was formed on a 36°-rotated Y-cut X-propagating LiTa0 3 substrate having 
30 Euler angles (0°, 126°, 0°); 

Fig. 20 illustrates a change in the attenuation constant a with respect to the normalized thickness of a Si0 2 film 
when Au IDTs having various thickness values were formed on a 36°-rotated Y-cut X-propagating LiTa0 3 substrate 
having Euler angles (0°, 126°, 0°); 

Fig. 21 illustrates a change in the attenuation constant a with respect to the normalized thickness of a Si0 2 film 
35 when Au IDTs having various thickness values were formed on a 38°-rotated Y-cut X-propagating LiTa0 3 substrate 

having Euler angles (0°, 128°, 0°); 

Fig. 22 illustrates the attenuation -vs. -frequency characteristics of the SAW apparatus of thef irst embodiment before 
and after a Si0 2 film was formed; 

Fig. 23 illustrates a change in the acoustic velocity of a leaky SAW with respect to the normalized thickness of an 
40 Au IDT when the Au IDT and Si0 2 films having various thickness values were formed on a 36°-rotated Y-cut X- 

propagating LiTa0 3 substrate having Euler angles (0°, 126°, 0°); 

Fig. 24 illustrates a change in the acoustic velocity of a leaky SAW with respect to the normalized thickness of a 
Si0 2 film when Au IDTs having various thickness values and the Si0 2 film were formed on a 36°-rotated Y-cut X- 
propagating LiTa0 3 substrate having Euler angles (0°, 126°, 0°); 
45 Fig. 25 illustrates a change in the electromechanical coupling coefficient with respect to 9 of Euler angles (0°, G, 

0°) when the normalized thickness of an Au IDT and the normalized thickness of a Si0 2 film were changed; 
Fig. 26 illustrates a change in the Q factor with respect to 6 of Euler angles (0°, 6, 0°) when the normalized thickness 
of a Si0 2 film was changed; 

Figs. 27A through 27C are schematic sectional views illustrating a SAW apparatus of a modified example of the 

50 present invention provided with a contact layer; 

Fig. 28 illustrates a change in the attenuation constant a with respect to 0 of Euler angles (0°, G, 0°) when the 
normalized thickness of a Si0 2 film was 0.1 and when Au electrodes having various thickness values were formed; 
Fig. 29 illustrates a change in the attenuation constant a with respect to G of Euler angles (0°, 0, 0°) when the 
normalized thickness of a Si0 2 film was 0.15 and when Au electrodes having various thickness values were formed; 

55 Fig. 30 illustrates a change in the attenuation constant a with respect to G of Euler angles (0°, G, 0°) when the 

normalized thickness of a Si0 2 film is 0.2 and when Au electrodes having various thickness values are formed; 
Fig. 31 illustrates a change in the attenuation constant a with respect to G of Euler angles (0°, G, 0°) when the 
normalized thickness of a Si0 2 film was 0.25 and when Au electrodes having various thickness values were formed; 
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Fig. 32 illustrates a change in the attenuation constant a with respect to 0 of Euler angles (0°, 6, 0°) when the 
normalized thickness of a Si0 2 film was 0.3 and when Au electrodes having various thickness values were formed; 
Fig. 33 illustrates a change in the attenuation constant a with respect to 6 of Euler angles (0°, 6, 0°) when the 
normalized thickness of a Si0 2 film was 0.35 and when Au electrodes having various thickness values were formed; 

5 Fig. 34 illustrates a change in the attenuation constant a with respect to 0 of Euler angles (0°, 8, 0°) when the 

normalized thickness of a Si0 2 film was 0.40 and when Au electrodes having various thickness values were formed; 
Fig. 35 illustrates a change in the attenuation constant a with respect to 0 of Euler angles (0°, 0, 0°) when the 
normalized thickness of a Si0 2 film was 0.45 and when Au electrodes having various thickness values were formed; 
Fig. 36 illustrates the relationship between the electromechanical coupling coefficient and the normalized thickness 

10 of an Ag electrode formed on a LiTa0 3 substrate having Euler angles (0°, 126° ; 0°) according to a third embodiment 

of the present invention; 

Fig. 37 illustrates the relationship between the TCF and the normalized thickness of Si0 2 films formed on three 
LiTa0 3 substrate having Euler angles (0°, 113°, 0°), (0°, 126°, 0°), and (0°, 129°, 0°); 

Fig. 38 illustrates a change in the attenuation constant a when Ag films having a normalized thickness of 0.1 or 
15 smaller and Si0 2 films having a normalized thickness of 0 to 0.5 were formed on a LiTa0 3 substrate having Euler 

angles (0°, 120°, 0°); 

Fig. 39 illustrates a change in the attenuation constant a when Ag films having a normalized thickness of 0.1 or 
smaller and Si0 2 films having a normalized thickness of 0 to 0.5 were formed on a LiTa0 3 substrate having Euler 
angles (0°, 140°, 0°); 

20 Fig. 40 illustrates a change in the attenuation constant a when Ag films having a normalized thickness of 0.1 or 

smaller and a Si0 2 film having a normalized thickness of 0.1 were formed on a LiTa0 3 substrate having Euler 
angles (0°, 0, 0°); 

Fig. 41 illustrates a change in the attenuation constant a when Ag films having a normalized thickness of 0.1 or 
smaller and a Si0 2 film having a normalized thickness of 0.15 were formed on a LiTa0 3 substrate having Euler 
25 angles (0°, 0, 0°); 

Fig. 42 illustrates a change in the attenuation constant a when Ag films having a normalized thickness of 0.1 or 
smaller and a Si0 2 film having a normalized thickness of 0.2 were formed on a LiTa0 3 substrate having Euler 
angles (0°, 0, 0°); 

Fig. 43 illustrates a change in the attenuation constant a when Ag films having a normalized thickness of 0.1 or 
30 smaller and a Si0 2 film having a normalized thickness of 0.25 were formed on a LiTa0 3 substrate having Euler 

angles (0°, 0, 0°); 

Fig. 44 illustrates a change in the attenuation constant a when Ag films having a normalized thickness of 0.1 or 
smaller and a Si0 2 film having a normalized thickness of 0.3 were formed on a LiTa0 3 substrate having Euler 
angles (0°, 0, 0°); 

35 Fig. 45 illustrates a change in the attenuation constant a when Ag films having a normalized thickness of 0.1 or 

smaller and a Si0 2 film having a normalized thickness of 0.35 were formed on a LiTa0 3 substrate having Euler 
angles (0°, 0, 0°); 

Fig. 46 illustrates a change in the attenuation constant a when Ag films having a normalized thickness of 0.1 or 
smaller and a Si0 2 film having a normalized thickness of 0.4 were formed on a LiTa0 3 substrate having Euler 
40 angles (0°, 0, 0°); 

Fig. 47 illustrates a change in the attenuation constant a when Ag films having a normalized thickness of 0.1 or 
smaller and a Si0 2 film having a normalized thickness of 0.45 were formed on a LiTa0 3 substrate having Euler 
angles (0°, 0, 0°); 

Fig. 48 illustrates a change in the attenuation constant a when Cu films having a normalized thickness of 0.1 or 
45 smaller and Si0 2 films having a normalized thickness of 0 to 0.5 were formed on a LiTa0 3 substrate having Euler 

angles (0°, 120°, 0°) according to a fourth embodiment of the present invention; 

Fig. 49 illustrates a change in the attenuation constant a when Cu films having a normalized thickness of 0.1 or 
smaller and Si0 2 films having a normalized thickness of 0 to 0.5 were formed on a LiTa0 3 substrate having Euler 
angles (0°, 135°, 0°); 

50 Fig. 50 illustrates a change in the attenuation constant a when Cu films having a normalized thickness of 0.1 or 

smaller and a Si0 2 film having a normalized thickness of 0.1 were formed on a LiTa0 3 substrate having Euler 
angles (0°, 0, 0°); 

Fig. 51 illustrates a change in the attenuation constant a when Cu films having a normalized thickness of 0.1 or 
smaller and a Si0 2 film having a normalized thickness of 0.15 were formed on a LiTa0 3 substrate having Euler 
55 angles (0°, 0, 0°); 

Fig. 52 illustrates a change in the attenuation constant a when Cu films having a normalized thickness of 0.1 or 
smaller and a Si0 2 film having a normalized thickness of 0.2 were formed on a LiTa0 3 substrate having Euler 
angles (0°, 0, 0°); 
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Fig. 53 illustrates a change in the attenuation constant a when Cu films having a normalized thickness of 0.1 or 
smaller and a Si0 2 film having a normalized thickness of 0.25 were formed on a LiTa0 3 substrate having Euler 
angles (0°, 6, 0°); 

Fig. 54 illustrates a change in the attenuation constant a when Cu films having a normalized thickness of 0.1 or 
5 smaller and a Si0 2 film having a normalized thickness of 0.3 were formed on a LiTa0 3 substrate having Euler 

angles (0°, 6, 0°); 

Fig. 55 illustrates a change in the attenuation constant a when Cu films having a normalized thickness of 0.1 or 
smaller and a Si0 2 film having a normalized thickness of 0.35 were formed on a LiTa0 3 substrate having Euler 
angles (0°, G, 0°); 

10 Fig. 56 illustrates a change in the attenuation constant a when Cu films having a normalized thickness of 0.1 or 

smaller and a Si0 2 film having a normalized thickness of 0.4 were formed on a LiTa0 3 substrate having Euler 
angles (0°, e, 0°); 

Fig. 57 illustrates a change in the attenuation constant a when Cu films having a normalized thickness of 0.1 or 
smaller and a Si0 2 film having a normalized thickness of 0.45 were formed on a LiTa0 3 substrate having Euler 
15 angles (0°, G, 0°); 

Fig. 58 illustrates the relationship between the reflection coefficient per electrode finger of an Al electrode and that 
of a Cu electrode and the normalized thickness of the corresponding electrode when the normalized thickness of 
a Si0 2 film was 0.02; 

Fig. 59 illustrates the relationship between 0 min that reduces the attenuation constant a to 0 or minimizes the 
20 attenuation constant a and the normalized thickness of a Si0 2 film when the normalized thickness of a Cu film 

was changed; 

Fig. 60 illustrates a change in the attenuation constant a when Si0 2 films having various thickness values and 
tungsten IDTs having various thickness values were formed on a LiTa0 3 substrate (0°, 120°, 0°) according to a 
fifth embodiment of the present invention; 

25 Fig. 61 illustrates a change in the attenuation constant a when Si0 2 films having various thickness values and 

tungsten IDTs having various thickness values were formed on a LiTa0 3 substrate (0°, 140°, 0°); 
Fig. 62 illustrates the relationship of the attenuation constant a to G and the normalized thickness of tungsten 
electrodes when the tungsten electrodes having various thickness values and a Si0 2 film having a normalized 
thickness of 0.1 were formed on a LiTa0 3 substrate having Euler angles (0°, G, 0°); 

30 Fig. 63 illustrates the relationship of the attenuation constant a to G and the normalized thickness of tungsten 

electrodes when the tungsten electrodes having various thickness values and a Si0 2 film having a normalized 
thickness of 0.2 were formed on a LiTa0 3 substrate having Euler angles (0°, 6, 0°); 

Fig. 64 illustrates the relationship of the attenuation constant a to G and the normalized thickness of tungsten 
electrodes when the tungsten electrodes having various thickness values and a Si0 2 film having a normalized 
35 thickness of 0.3 were formed on a LiTa0 3 substrate having Euler angles (0°, G, 0°); 

Fig. 65 illustrates the relationship of the attenuation constant a to G and the normalized thickness of tungsten 
electrodes when the tungsten electrodes having various thickness values and a Si0 2 film having a normalized 
thickness of 0.4 were formed on a LiTa0 3 substrate having Euler angles (0°, 6, 0°); 

Fig. 66 illustrates the relationship between the acoustic velocity and the normalized thickness of Si0 2 films when 
40 tungsten films having various thickness values and the Si0 2 films are formed on a LiTa0 3 substrate having Euler 

angles (0°, 126°, 0°); 

Fig. 67 illustrates the relationship between the acoustic velocity and the normalized thickness of tungsten films 
when the tungsten films and Si0 2 films having various thickness values were formed on a LiTa0 3 substrate having 
Euler angles (0°, 126°, 0°); 

45 Fig. 68 illustrates a change in the attenuation constant a when tantalum IDTs having various thickness values and 

Si0 2 films having various thickness values were formed on a LiTa0 3 substrate having Euler angles (0°, 1 20° , 0°) 
according to a sixth embodiment of the present invention; 

Fig. 69 illustrates a change in the attenuation constant a when tantalum IDTs having various thickness values and 
Si0 2 films having various thickness values were formed on a LiTa0 3 substrate having Euler angles (0°, 140°, 0°); 
50 Fig. 70 illustrates the relationship between the attenuation constant a and G when tantalum electrode films having 

various thickness values and a Si0 2 film having a normalized thickness of 0.1 were formed on a LiTa0 3 substrate 
having Euler angles (0°, G, 0°); 

Fig. 71 illustrates the relationship between the attenuation constant a and G when tantalum electrode films having 
various thickness values and a Si0 2 film having a normalized thickness of 0.2 were formed on a LiTa0 3 substrate 
55 having Euler angles (0°, G, 0°); 

Fig. 72 illustrates the relationship between the attenuation constant a and G when tantalum electrode films having 
various thickness values and a Si0 2 film having a normalized thickness of 0.3 were formed on a LiTa0 3 substrate 
having Euler angles (0°, G, 0°); 
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Fig. 73 illustrates the relationship between the attenuation constant a and 0 when tantalum electrode films having 
various thickness values and a Si0 2 film having a normalized thickness of 0.4 were formed on a LiTa0 3 substrate 
having Euler angles (0°, G, 0°); 

Fig. 74 illustrates the relationship between the acoustic velocity and the normalized thickness of Si0 2 films when 
5 tantalum IDTs having various thickness values and the Si0 2 films were formed on a LiTa0 3 substrate having Euler 

angles (0°, 126°, 0°); 

Fig. 75 illustrates the relationship between the acoustic velocity and the normalized thickness of tantalum IDTs 
when the tantalum IDTs and Si0 2 films having various thickness values were formed on a LiTa0 3 substrate having 
Euler angles (0°, 126°, 0°); 

10 Fig. 76 illustrates a change in the attenuation constant a when platinum IDTs having various thickness values and 

Si0 2 films having various thickness values were formed on a LiTa0 3 substrate having Euler angles (0°, 1 25° , 0°) 
according to a seventh embodiment of the present invention; 

Fig. 77 illustrates a change in the attenuation constant a when platinum IDTs having various thickness values and 
Si0 2 films having various thickness values are formed on a LiTa0 3 substrate having Euler angles (0°, 140°, 0°); 
15 Fig. 78 illustrates the relationship between the attenuation constant a and 9 when platinum electrode films having 

various thickness values and a Si0 2 film having a normalized thickness of 0.1 were formed on a LiTa0 3 substrate 
having Euler angles (0°, 0, 0°); 

Fig. 79 illustrates the relationship between the attenuation constant a and 0 when platinum electrode films having 
various thickness values and a Si0 2 film having a normalized thickness of 0.15 were formed on a LiTa0 3 substrate 
20 having Euler angles (0°, 0, 0°); 

Fig. 80 illustrates the relationship between the attenuation constant a and 0 when platinum electrode films having 
various thickness values and a Si0 2 film having a normalized thickness of 0.2 were formed on a LiTa0 3 substrate 
having Euler angles (0°, 0, 0°); 

Fig. 81 illustrates the relationship between the attenuation constant a and 0 when platinum electrode films having 
25 various thickness values and a Si0 2 film having a normalized thickness of 0.25 were formed on a LiTa0 3 substrate 

having Euler angles (0°, 0, 0°); 

Fig. 82 illustrates the relationship between the attenuation constant a and 0 when platinum electrode films having 
various thickness values and a Si0 2 film having a normalized thickness of 0.3 were formed on a LiTa0 3 substrate 
having Euler angles (0°, 0, 0°); 

30 Fig. 83 illustrates the relationship between the attenuation constant a and 0 when platinum electrode films having 

various thickness values and a Si0 2 film having a normalized thickness of 0.4 were formed on a LiTa0 3 substrate 
having Euler angles (0°, 0, 0°); 

Fig. 84 illustrates the relationship between the acoustic velocity and the normalized thickness of Si0 2 films when 
platinum IDTs having various thickness values and the Si0 2 films were formed on a LiTa0 3 substrate having Euler 
35 angles (0°, 126°, 0°); 

Fig. 85 illustrates the relationship between the acoustic velocity and the normalized thickness of platinum IDTs 
when the platinum IDTs and Si0 2 films having various thickness values were formed on a LiTa0 3 substrate having 
Euler angles (0°, 126°, 0°); 

Fig. 86 illustrates a change in the attenuation constant a when nickel IDTs having various thickness values and 
40 Si0 2 films having various thickness values were formed on a LiTa0 3 substrate having Euler angles (0°, 1 20° , 0°) 

according to an eighth embodiment of the present invention; 

Fig. 87 illustrates a change in the attenuation constant a when nickel IDTs having various thickness values and 
Si0 2 films having various thickness values were formed on a LiTa0 3 substrate having Euler angles (0°, 140°, 0°); 
Fig. 88 illustrates a change in the attenuation constant a when molybdenum IDTs having various thickness values 
45 and Si0 2 films having various thickness values were formed on a LiTa0 3 substrate having Euler angles (0° . 1 20°, 

0°); 

Fig. 89 illustrates a change in the attenuation constant a when molybdenum IDTs having various thickness values 
and Si0 2 films having various thickness values were formed on a LiTa0 3 substrate having Euler angles (0° . 1 40°, 
0°); 

50 Fig. 90 illustrates the relationship between the attenuation constant a and 0 when nickel electrode films having 

various thickness values and a Si0 2 film having a normalized thickness of 0.1 were formed on a LiTa0 3 substrate 
having Euler angles (0°, 0, 0°); 

Fig. 91 illustrates the relationship between the attenuation constant a and 0 when nickel electrode films having 
various thickness values and a Si0 2 film having a normalized thickness of 0.2 were formed on a LiTa0 3 substrate 
55 having Euler angles (0°, 0, 0°); 

Fig. 92 illustrates the relationship between the attenuation constant a and 0 when nickel electrode films having 
various thickness values and a Si0 2 film having a normalized thickness of 0.3 were formed on a LiTa0 3 substrate 
having Euler angles (0°, 0, 0°); 
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Fig. 93 illustrates the relationship between the attenuation constant a and 0 when nickel electrode films having 
various thickness values and a Si0 2 film having a normalized thickness of 0.4 were formed on a LiTa0 3 substrate 
having Euler angles (0°, G, 0°); 

Fig. 94 illustrates the relationship between the attenuation constant a and G when molybdenum electrode films 
5 having various thickness values and a Si0 2 film having a normalized thickness of 0.1 were formed on a LiTa0 3 

substrate having Euler angles (0°, 9, 0°); 

Fig. 95 illustrates the relationship between the attenuation constant a and G when molybdenum electrode films 
having various thickness values and a Si0 2 film having a normalized thickness of 0.2 were formed on a LiTa0 3 
substrate having Euler angles (0°, 6, 0°); 
10 Fig. 96 illustrates the relationship between the attenuation constant a and G when molybdenum electrode films 

having various thickness values and a Si0 2 film having a normalized thickness of 0.3 are formed on a LiTa0 3 
substrate having Euler angles (0°, 6, 0°); 

Fig. 97 illustrates the relationship between the attenuation constant a and G when molybdenum electrode films 
having various thickness values and a Si0 2 film having a normalized thickness of 0.4 were formed on a LiTa0 3 
15 substrate having Euler angles (0°, 6, 0°); 

Fig. 98 illustrates the relationship between the acoustic velocity and the normalized thickness of nickel IDTs when 
the nickel IDTs and Si0 2 films having various thickness values were formed on a LiTa0 3 substrate having Euler 
angles (0°, 126°, 0°); 

Fig. 99 illustrates the relationship between the acoustic velocity and the normalized thickness of Si0 2 films when 
20 nickel IDTs having various thickness values and the Si0 2 films were formed on a LiTa0 3 substrate having Euler 

angles (0°, 126°, 0°); 

Fig. 100 illustrates the relationship between the acoustic velocity and the normalized thickness of molybdenum 
IDTs when the molybdenum IDTs andSi0 2 films having various thickness values were formed on a LiTa0 3 substrate 
having Euler angles (0°, 126°, 0°); 
25 Fig. 1 01 illustrates the relationship between the acoustic velocity and the normalized thickness of Si0 2 films when 

molybdenum IDTs having various thickness values and the Si0 2 films were formed on a LiTa0 3 substrate having 
Euler angles (0°, 126°, 0°); 

Figs. 1 02Athrough 102C are schematic sectional views illustrating an etch back process for planarizing the surface 
of an insulating layer; 

30 Figs. 103A through 103D are schematic sectional views illustrating a reverse sputtering process for planarizing 

the surface of an insulating layer; 

Figs. 104A and 104B are schematic sectional views illustrating another process for planarizing the surface of an 
insulating layer; 

Figs. 1 05A through 1 05C are schematic sectional views illustrating still another process for planarizing the surface 
35 of an insulating layer; 

Figs. 1 06Aand 1 06B are schematic plan views illustrating a one-port SAW resonator and a two -port SAW resonator, 
respectively, to which the present invention can be applied; 

Fig. 1 07 is a schematic plan view illustrating a ladder filter to which the present invention can be applied; 
Fig. 108 is a schematic plan view illustrating a lattice filter to which the present invention can be applied; 
40 Figs. 1 09A through 1 09D are schematic sectional views illustrating one example of a known manufacturing method 

for a SAW apparatus; and 

Fig. 110 illustrates a schematic sectional view illustrating another example of a known manufacturing method for 
a SAW apparatus. 

45 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0041] The present invention is described in detail below with reference to the accompanying drawings through 
illustration of preferred embodiments. 

[0042] A manufacturing method for a SAW apparatus according to a first embodiment of the present invention is 

50 described below with reference to Figs. 1 A through 1 G, and 6. 

[0043] As shown in Fig. 1 A, a LiTa0 3 substrate 1 is first prepared as a piezoelectric substrate. In the first embodiment, 
a 36°-rotated Y-cut X-propagating LiTa0 3 substrate having Euler angles (0°, 126°, 0°) is used. As the piezoelectric 
substrate, a LiTa0 3 substrate having different crystal orientations may be used, or a substrate made of another piezo- 
electric single crystal may be used. Alternatively, a piezoelectric substrate formed by laminating piezoelectric thin films 

55 on an insulating substrate may be used. G of the Euler angles (§, G, \\f) can be expressed by G = cut angle -i- 90°. 

[0044] As shown in Fig. 1 A, a first insulating layer 2 is formed on the entire surface of the LiTa0 3 substrate 1 . In this 
embodiment, the first insulating layer 2 is formed of a Si0 2 film. The first insulating layer 2 is formed according to a 
suitable technique, such as printing, deposition, or sputtering. The thickness of the first insulating layer 2 is set to be 
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equal to that of an IDT electrode, which is formed in a later step. 

[0045] Then, as shown in Fig. 1 B, a resist pattern 3 is formed according to a photolithographic technique in an area 
other than an area in which an IDT electrode is to be formed. 

[0046] Subsequently, as indicated by the arrows in Fig. 1C, as a result of reactive ion etching (RIE) by applying ion 
5 beams, the first insulating layer 2 is removed, except for the portion disposed under the resist pattern 3. 

[0047] When the Si0 2 film (first insulating layer 2) is etched by RIE using a fluorinated gas, a residue may be gen- 
erated after polymerization. In this case, a buffered hydrofluoric acid (BHF) may be applied after performing RIE. 
[0048] Thereafter, a Cu film and a Ti film are formed such that the thickness thereof is equal to that of the first 
insulating layer 2. More specifically as shown in Fig. 1 D, a Cu film 4, which serves as an IDT electrode 4A, is formed 
10 on the area without the first insulating layer 2, and the Cu film 4 is also formed on the resist pattern 3. Then, as shown 
in Fig. 1 E, as a protective metal film, a Ti film 5 is formed on the top surface of an IDT electrode 4A and on the Cu film 
4 formed on the resist pattern 3. Accordingly, the side surfaces of the IDT electrode 4A are covered with the first 
insulating layer 2, and the top surface thereof is covered with the Ti film 5. As discussed above, the IDT electrode 4A 
and the protective metal film (Ti film 5) are formed such that the total thickness of the IDT electrode 4A and the Ti film 
15 5 are equal to the thickness of the first insulating layer 2. 

[0049] Subsequently, the resist pattern 3 is removed by using a resist stripper. Then, as shown in Fig. 1 F, the IDT 
electrode 4A is disposed in an area other than the area in which the first insulating layer 2 is formed, and the top surface 
of the IDT electrode 4A is covered with the Ti film 5. 

[0050] Thereafter, as shown in Fig. 1G, a Si0 2 film, which serves as a second insulating layer 6, is formed on the 
20 entire surface. 

[0051] Then, a one-port SAW resonator 11 shown in Fig. 6 is fabricated. 

[0052] In Figs. 1 A through 1 G, only the portion in which the IDT electrode 4A is formed is shown. However as shown 
in Fig. 6, the SAW resonator 11 is also provided with reflectors 12 and 13 in a SAW propagating direction such that 
they sandwich the IDT electrode 4A therebetween. The reflectors 12 and 13 are also formed in the same steps as 

25 those of the IDT electrodes 4A. 

[0053] In the above-described first embodiment, since the one-port SAW resonator 1 1 is formed, only one IDT elec- 
trode 4A is formed on the LiTa0 3 substrate 1 . However, a plurality of IDT electrodes may be formed according to the 
intended purpose of use of the SAW apparatus. Reflectors and an IDT electrode may be simultaneously formed. Al- 
ternatively, reflectors do not have to be formed. 

30 [0054] For comparison, a one-port SAW resonatorwas formed as a first comparative example accordingtothe known 
manufacturing method shown in Figs. 1 09A through 1 09D for a SAW apparatus provided with a Si0 2 film. As in the 
first embodiment, a 36°-rotated Y-cut X-propagating LiTa0 3 substrate having Euler angles (0°, 126°, 0°) was used. An 
IDT electrode was formed by using Cu. According to the manufacturing method shown in Figs. 109A through 109D, 
since the Si0 2 film 54 is formed after the IDT electrode 53A, the height of the Si0 2 film 54 becomes different. Fig. 4 

35 shows an impedance characteristic and a phase characteristic of the first comparative example when the normalized 
thickness h/X (h represents the thickness of the IDT electrode 53A and X designates the SAW wavelength) of the IDT 
electrode 53A is 0.042, and when the normalized thickness Hs/X (Hs represents the thickness of the Si0 2 film 54) of 
the Si0 2 film 54 is 0.11 , 0.22, and 0.33. Fig. 4 shows that the ratio of the impedance of the antiresonance point to the 
impedance of the resonance point, i.e., the impedance ratio, becomes smaller as the normalized thickness Hs/X of the 

40 Si0 2 film 54 is increased. 

[0055] Fig. 5 illustrates the relationship between the normalized thickness Hs/X of the Si0 2 film 54 of the SAW res- 
onator manufactured by the known method in the first comparative example and the Figure of Merit (MF) of the SAW 
resonator. Fig. 5 reveals that MF is decreased as the normalized thickness HsIX of the Si0 2 film 54 becomes larger. 
[0056] That is, in the first comparative example in which the IDT electrode 53A and the Si0 2 film 54 were formed 

45 according to the manufacturing method shown in Figs. 1 09A through 1 09D, the performance of the resonator is con- 
siderably decreased as the thickness of the Si0 2 film 54 is increased even if the IDT electrode 53A is made of Cu. 
This is probably due to the difference of the surface height of the Si0 2 film 54. 

[0057] The characteristics of the SAW resonator 11 manufactured according to the first embodiment are shown in 
Figs. 7 through 9. 

50 [0058] Fig. 7 illustrates a change in the impedance characteristic and a change in the phase characteristic of the 
SAW resonator 11 manufactured according to the method of the above-described first embodiment when the thickness 
of the Si0 2 film, i.e., the second insulating layer 6, is changed. The two-dot-chain lines in Figs. 8 and 9 indicate a 
change in y and a change in MF of the SAW resonator 11 , respectively, when the normalized thickness Hs/X of the 
Si0 2 film is changed. For comparison, the corresponding characteristics of the known resonator manufactured in the 

55 first comparative example are also indicated by the solid lines in Figs. 8 and 9. 

[0059] By comparing the characteristics of Fig. 7 with those of Fig. 4, it is seen that a decrease in the impedance is 
small even though the normalized thickness Hs/X, of the Si0 2 film is increased. 

[0060] Figs. 8 and 9 also show that a characteristic deterioration of this embodiment can be suppressed even though 
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the normalized thickness Hs/X of the Si0 2 film is increased. 

[0061] That is, according to the manufacturing method of the first embodiment, a decrease in the impedance ratio 
is small and a characteristic deterioration can be suppressed even though the thickness of the Si0 2 film is increased. 
[0062] Fig. 1 0 illustrates the relationship between the temperature coefficient for the frequency (TCF) and the thick- 
5 ness of the Si0 2 film of the SAW resonator of the first embodiment and that of the first comparative example. In Fig. 
1 0, the solid line indicates the first comparative example, and the two-dot-chain line indicates the first embodiment. 
[0063] Fig. 1 0 indicates that the TCF can be ideally improved by increasing the thickness of the Si0 2 film according 
to the manufacturing method of the first embodiment. 

[0064] Thus, according to the manufacturing method of thefirst embodiment, it is possibleto provide a SAW resonator 
10 in which a characteristic deterioration can be suppressed and the temperature characteristic can be effectively im- 
proved. 

[0065] Additionally, according to the manufacturing method of the first embodiment, since the IDT electrode 4A is 
made of Cu, which has a density higher than Al, it has a sufficient reflection coefficient, thereby suppressing the gen- 
eration of undesirable ripples in the resonance characteristic. This is described in detail below. 
15 [0066] For comparison, a SAW resonator was formed as a second comparative example in a manner similar to the 
first embodiment, except that Al was used for an IDT electrode instead of Cu, and the normalized thickness Hs/X of 
the Si0 2 film, i.e., the first insulating layer, was 0.08. The impedance characteristic and the phase characteristic of the 
SAW resonator of the second comparative example are indicated by the solid lines of Fig. 11 . 

[0067] The impedance characteristic and the phase characteristic of a SAW resonator formed in a manner similar 
20 to the second comparative example, except that a Si0 2 film was not formed, are also indicated by broken lines in Fig. 11 . 
[0068] The solid lines of Fig. 11 indicate that large ripples indicated by the arrows A are generated between the 
resonance point and the antiresonance point when the IDT electrode was formed of Al and the Si0 2 film was formed 
in the second comparative example. In contrast, the broken lines of Fig. 1 1 indicate that such ripples are not generated 
in the SAW resonator without a Si0 2 film. 
25 [0069] Accordingly, even though the Si0 2 film was formed to improve the TCF, the above-described ripples A are 
generated if the IDT electrode is formed by using Al. resulting in a characteristic deterioration. After further studying 
this point, the present inventors discovered that the reflection coefficient of the IDT electrode can be increased by using 
a metal having a density higher than Al for the IDT electrode so as to suppress the above-described ripples A. 
[0070] Then, a SAW resonator was formed in a manner similar to the above-described first embodiment, except that 
30 the density of the metal for the IDT electrode was varied. The impedance characteristics of the SAW resonator are 
shown in Figs. 12A through 12E. Figs. 12A through 12E illustrate the impedance characteristics when the ratio p-|/p 2 
of the average density p 1 of the laminated structure including the IDT electrode and the protective metal film to the 
density p 2 of the first insulating layer is 2.5, 2.0. 1 .5, 1 .2, and 1 .0, respectively. 

[0071] Figs. 12A through 12C show that the ripples A are shifted to the range outside the pass band, and more 

35 particularly, Fig. 12A shows that the ripples A are considerably suppressed. 

[0072] Accordingly, as is seen from Figs. 1 2A through 1 2E, the ripples A can be shifted to the range outside the band 
pass between the resonant frequency and the antiresonant frequency when the density ratio of the laminated structure 
including the IDT electrode and the protective metal film to the first insulating layer is 1 .5 or greater, thereby exhibiting 
improved characteristics. When the density ratio is 2.5 or greater, the ripples can be considerably suppressed. 

40 [0073] In the examples of Figs. 12A through 12E, since the Ti film is laminated on the IDT electrode 4A, the average 
density was calculated. However, in the present invention, the provision of the protective metal film on an IDT is not 
essential. In this case, the thickness of the IDT electrode is set to be equal to that of the first insulating layer, and the 
ratio of the density of the IDT electrode to that of thefirst insulating layer is set to be 1 .5 or greater, and more preferably, 
2.5 or greater. Then, advantages similar to those obtained by the above-described example can be achieved. 

45 [0074] Accordingly, in a SAW resonator in which a Si0 2 film is formed to cover an IDT electrode, the reflection 
coefficient of the IDT electrode can be increased if the density of the IDT electrode, or the average density of a laminated 
structure including the IDT electrode and a protective metal film, is set to be greater than the density of a first insulating 
layer disposed along the side surfaces of the IDT electrode, thereby suppressing the generation of ripples between 
the resonance point and the antiresonance point. 

so [0075] A metal or an alloy having a higher density than Al includes, not only Cu, but also Ag or Au or an alloy 
essentially consisting Ag or Au. 

[0076] As in the first embodiment, a protective metal film is preferably disposed on the IDT electrode. Then, according 
to the manufacturing method shown in Figs. 1 A through 1G, when the resist pattern 3 is removed, the erosion of the 
IDT electrode 4A can be prevented since the side surfaces of the IDT electrode 4A are covered with the first insulating 
55 layer 2 and the top surface thereof is covered with the protective metal film 5. It is thus possible to provide a SAW 
resonator exhibiting a higher level of performance. 

[0077] The first and second insulating layers may be formed by an insulating material other than Si0 2 , such as 
SiO x N y , which contributes to an improvement in the temperature characteristic. The first and second insulating layers 
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may be made of the same insulating materials, as the first embodiment, or may be formed of different insulating ma- 
terials. 

[0078] Fig. 13 illustrates the relationship between the electromechanical coupling coefficient and the normalized 
thickness H/X of IDT electrodes made of various metals and having various thickness values on a LiTa0 3 substrate 

5 having Euler angles (0°, 126°, 0°). 

[0079] The types of metals exhibiting larger electromechanical coefficients than Al were extracted from Fig. 13, and 
the normalized thickness values of such metals, as well as those of Ti and Pt, are shown in Fig. 14. That is, Fig. 14 
illustrates the electrode thickness range that exhibits greater electromechanical coefficients than Al. 
[0080] In Fig. 14, the upper limit of the normalized thickness range of the IDT electrodes indicates the threshold for 

10 exhibiting a greater electromechanical coupling coefficient than Al, and the lower limit of the normalized thickness 
range represents the thickness of the IDT electrode that can be manufactured. By approximating the upper limit to a 
quadratic expression when the electrode normalized thickness range exhibiting greater electromechanical coupling 
coefficients is y and the electrode density is x, the equation expressed by y = 0.00025x 2 - 0.01 056x + 0.16473 can be 
found. 

15 [0081] Accordingly, as is seen from subsequent embodiments in which SAW resonators are formed by specifying 
electrode materials, it is now assumed that an IDT electrode is formed on a 14° to 50° -rotated Y-cut X-propagating 
LiTa0 3 piezoelectric substrate having Euler angles (0°, 104° to 140°, 0°), and the normalized thickness Hs/Xof aSi0 2 
film ranges from 0.03 to 0.45. In this case, the electromechanical coupling coefficient can be increased, as shown in 
Fig. 1 4, when the normalized thickness H/X of the IDT electrode satisfies the following expression (1 ): 

20 

0.005 < H/A. < 0.00025 X p 2 - 0.01056 X p + 0.16473 (1) 



wherein p represents the average density of the IDT electrode. 

25 [0082] In the present invention, a metal having a higher density than Al is used for the IDT electrode. In this case, 
the IDT electrode may be made of a metal having a higher density than Al or an alloy primarily including such a metal. 
Alternatively, the IDT electrode may be formed of a laminated structure including a primary metallic film made of a 
metal having a higher density than Al or an alloy primarily including such a metal and a secondary metallic film made 
of a metal different from that of the primary metallic film. In this case, the average density of the laminated film must 

30 satisfy the expression represented by pO x 0.7 < p < pO x 1 .3 where p indicates the average density of the IDT electrode 
and pO designates the density of the primary metallic film. 

[0083] In the present invention, as described above, the surface of the second insulating layer may be planarized. 
However, the height of the second insulating film may be different within a range of 30% or smaller of the thickness of 
the IDT electrode. If this height difference exceeds 30%, the advantage achieved by the planarized level of the second 

35 insulating layer cannot be sufficiently obtained. 

[0084] The second insulating layer can be planarized by various techniques, such as by performing an etch back 
process, by utilizing an oblique incidence effect by means of reverse sputtering, by polishing the surface of the insulating 
layer, and by polishing the electrode. The planarization of the second insulating layer may be performed by a combi- 
nation of two or more types of the above-described techniques. Details of such techniques are discussed below with 

40 reference to Figs. 1 02A through 1 05C. 

[0085] Figs. 1 02A through 1 02C are schematic sectional views illustrating a planarization technique for the surface 
of the insulating layer according to an etch back process. As shown in Fig. 102A, an electrode 42 is first formed on a 
piezoelectric substrate 41 , and then, an insulating layer 43 is formed by, for example, Si0 2 . As shown in Fig. 1 02B, a 
resist pattern 44 is formed on the insulating layer 43 by, for example, spin coating. In this case, the surface of the resist 

45 pattern 44 is flat. Thus, by etching the resist pattern 44 according to RIE, i.e., by an etch back process, the surface of 
the insulating layer 43 can be planarized, as shown in Fig. 102C. 

[0086] Figs. 1 03A through 1 03D are schematic sectional views illustrating the reverse sputtering process. The elec- 
trode 42 is first formed on the piezoelectric substrate 41 , and then, the insulating layer 43 is formed. Then, argon ions, 
which are used for sputtering the substrate 41 , are applied onto the surface of the insulating layer 43 by sputtering. 
50 When sputtering is performed by ion bombardment on the surface of the substrate, a greater sputtering effect is pro- 
duced if ions are applied onto an oblique surface rather than a flat surface. This is known as the "oblique incidence 
effect". Due to this effect, the insulating layer 43 is planarized as the sputtering proceeds, as shown in Figs. 103B 
through 103D. 

[0087] Figs. 104A and 104B are schematic sectional views illustrating a planarization technique by polishing the 
55 insulating layer. As shown in Fig. 104A, after the electrode 42 and the insulating layer 43 are formed on the substrate 
41 , the insulating layer 43 is mechanically or chemically polished so as to be planarized. 

[0088] Figs. 1 05A through 1 05C are schematic sectional views illustrating a planarization technique by polishing the 
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electrode. As shown in Fig. 105A, a first insulating layer 45 is formed on the substrate 41 , and a metallic film 42A, 
which is made of an electrode material, is formed on the entire surface by deposition. Then, as shown in Fig. 105B, 
by mechanically or chemically polishing the metallic film 42A, the electrode 42 and the first insulating layer 45, which 
is disposed around the electrode 42, are formed. Thus, the first insulating layer 45 and the electrode 42 are planarized 
5 so that they are flush with each other. Thereafter, as shown in Fig. 105C, a second insulating layer 46 is formed. 
According to this technique, the surface of the insulating layer is planarized. 

[0089] The present invention is applicable to various types of SAW apparatuses. Examples of such SAW apparatuses 
are shown in Figs. 106A through 108. Figs. 106A and 106B are schematic plan views illustrating a one-port SAW 
resonator 47 and a two-port SAW resonator 48, respectively. By using the same electrode structure as that of the two- 

10 port SAW resonator 48 shown in Fig. 1 06B, a two-port SAW resonator filter may be formed. 

[0090] Figs. 107 and 108 are schematic plan views illustrating the electrode structures of a ladder filter 49a and a 
lattice filter 49b, respectively. By forming the electrode structure of the ladder filter 49a and the lattice filter 49b on the 
piezoelectric substrate, a ladder filter and a lattice filter can be formed according to the present invention. 
[0091] The present invention is not restricted to the SAW apparatuses having the electrode structures shown in Figs. 

15 1 06A, 1 06B, and 1 07, and may be used in various types of SAW apparatuses. 

[0092] In the present invention, preferably, a SAW apparatus using a leaky SAW is manufactured. Japanese Unex- 
amined Patent Application Publication No. 6-1 64306 discloses a SAW apparatus having an electrode made of a heavy 
metal, such as Au, and utilizing the Love wave, which is free from the propagation attenuation. In this SAW apparatus, 
by using a heavy metal for the electrode, the acoustic velocity of a propagating SAW becomes lower than that of a 

20 transversal bulk wave in the substrate so as to eliminate leaky components. In this manner, the Love wave is utilized 
as a no n -leaky SAW. 

[0093] In the Love wave, however, since the acoustic velocity inevitably becomes low, and accordingly, the IDT pitch 
must be decreased. This increases the difficulty in processing the SAW apparatus, thereby decreasing the processing 
precision. Additionally, the linewidth of the IDT becomes smaller, and the loss caused by the resistance is increased. 
25 [0094] In the present invention, unlike the above-described SAW apparatus utilizing the Love wave, even though the 
electrode made of a metal heavier than Al is used, a leaky SAW having a high acoustic velocity can be effectively 
utilized, thereby achieving a reduction in the propagation loss. It is thus possible to provide a low-insertion SAW ap- 
paratus. 

[0095] Based on the above-described results, electrodes were formed by using different metals having a higher 
30 density than Al. 

[0096] Metals having a higher density than Al used in the present invention includes: (1 ) a metal having a density of 
1 5000 to 23000 kg/m 3 and a Young's modulus of 0.5 x 1 0 11 to 1 .0 x 1 0 11 N/m 2 or having a transversal-wave acoustic 
velocity of 1000 to 2000 m/s, for example, Au; (2) a metal having a density of 5000 to 15000 kg/m 3 and a Young's 
modulus of 0.5 x 10 11 to 1.0 x 10 11 N/m 2 or having a transversal-wave acoustic velocity of 1000 to 2000 m/s, for 

35 example, Ag; (3) a metal having a density of 5000 to 15000 kg/m 3 and a Young's modulus of 1 .0 x 10 11 to 2.05 x 
1 0 11 N/m 2 or having a transversal -wave acoustic velocity of 2000 to 2800 m/s, for example, Cu; (4) a metal having a 
density of 1 5000 to 23000 kg/m 3 and a Young's modulus of 2.0 x 1 0 11 to 4.5 x 1 0 11 N/m 2 or having a transversal-wave 
acoustic velocity of 2800 to 3500 m/s, for example, tungsten; (5) a metal having a density of 15000 to 23000 kg/m 3 
and a Young's modulus of 1 .0 x 1 0 11 to 2.0 x 1 0 11 N/m 2 or having a transversal-wave acoustic velocity of 2000 to 2800 

40 m/s, for example, tantalum; (6) a metal having a density of 15000 to 23000 kg/m 3 and a Young's modulus of 1 .0 x 
10 11 to 2.0 x 1 0 11 N/m 2 or having a transversal-wave acoustic velocity of 1000 to 2000 m/s, for example, platinum; and 
(7) a metal having a density of 5000 to 15000 kg/m 3 and a Young's modulus of 2.0 x 10 11 to 4.5 x 10 11 N/m 2 or having 
a transversal -wave acoustic velocity of 2800 to 3500 m/s, for example, Ni and Mo. 

[0097] Fig. 15 is a plan view illustrating a longitudinally coupled resonator filter as a SAW apparatus 21 according 
45 to a second embodiment of the present invention. In the second embodiment, Au is used for electrodes. 

[0098] In the SAW apparatus 21 , IDTs 23a and 23b and reflectors 24a and 24b are formed on the top surface of a 
LiTa0 3 substrate 22. A Si0 2 film 25 is formed to cover the IDTs 23a and 23b and the reflectors 24a and 24b. As the 
LiTa0 3 substrate 22, a 25° to 58° -rotated Y-cut X-propagating LiTa0 3 substrate having Euler angles (0°, 11 5° to 148°, 
0°) is used. If a Y-cut X-propagating LiTa0 3 substrate having a cut angle other than the above range is used, the 
50 attenuation constant is increased, and the TCF is deteriorated. 

[0099] The IDTs 23a and 23b and the reflectors 24a and 24b are made of a metal having a density higher than Al. 
As such a metal, at least one metal selected from the group including Au, Pt, W, Ta, Ag, Mo, Cu, Ni, Co, Cr, Fe, Mn, 
Zn, and Ti, or an alloy primarily including at least one metal of the above-described group may be used. 
[0100] As described above, since the IDTs 23a and 23b and the reflectors 24a and 24b are made of a metal having 
55 a density higher than Al, the electromechanical coupling coefficient and the reflection coefficient can be improved, as 
shown in Figs. 1 6 and 1 7, respectively, even when the thickness of the IDTs 23a and 23b and that of the reflectors 24a 
and 24b are formed to be smaller than that of the IDTs and the reflectors made of Al. 

[0101] The thickness of the electrodes can be decreased, as stated above. The thickness of the Si0 2 film 25 is 
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preferably determined so that the thickness Hs/X normalized by the SAW wavelength X ranges from 0.03 to 0.45, which 
can be clearly seen in the subsequent examples. In this case, Hs indicates the total thickness of first and second Si0 2 
insulating layers. With this range, the attenuation constant can be considerably decreased compared to a SAW appa- 
ratus without a Si0 2 film, thereby achieving a reduction in the loss. 
5 [0102] The ideal thickness of the IDTs 23a and 23b normalized by the SAW wavelength is different according to the 
material forming the IDTs 23a and 23b. If the IDTs are made of Au, the normalized thickness of the IDTs 23a and 23b 
is preferably from 0.013 to 0.030. If the Au film is too thin, the IDTs 23a and 23b exhibit a resistance. Accordingly, the 
normalized thickness of the IDTs 23a and 23b is, more preferably, from 0.021 to 0.030. 

[01 03] According to the SAW apparatus of the second embodiment, the IDTs 23a and 23b are made of a metal having 
10 a density higher than A1 on the Si0 2 substrate 22, and the thickness of the IDTs 23a and 23b can be decreased. Thus, 
the SAW apparatus exhibits improved characteristics and also improves the TCF by the formation of the Si0 2 film 25. 
This is described in greater detail by specific examples. 

[0104] The electromechanical coupling coefficient K SAW , the reflection coefficient Irefl, and the attenuation constant 
(a) with respect to the normalized thickness of IDTs when the IDTs were made of Al, Au. Ta, Ag, Cr, W. Cu, Zn, Mo, 
15 and Ni on a 36°-rotated Y-cut X-propagating LiTa0 3 substrate having Euler angles (0°, 126°, 0°) are shown in Figs. 
16, 17, and 1 8, respectively. It should be noted that calculations were made according to the method indicated in J. J. 
Chambell and W. R. Jones: IEEE Trans. Sonic & Ultrason. SU-15. p209 (1968), assuming that the electrodes were 
uniformly formed. 

[0105] Fig. 1 6 shows that, in the IDT made of Al, the electromechanical coupling coefficient K SAW is about 0.27 when 
20 the normalized thickness H/X (H represents the thickness of the IDT and ^designates the wavelength) is 0.10. In 
contrast, in the IDTs made of Au, Ta, Ag, Cr, W, Cu, Zn, Mo, and Ni, higher electromechanical coupling coefficients 
K SAW can be implemented when H/X ranges from 0.013 to 0.035. Fig. 18 reveals that, however, in the IDTs made of 
Au, Ta, Ag, Cr, W, Cu, Zn, Mo, and Ni, the attenuation constants a become very large, while, in the IDT made of Al, 
the attenuation constant a is substantially 0 regardless of the normalized thickness H/X. 
25 [01 06] Fig. 25 illustrates the relationship between the electromechanical coupling coefficient and Oof the Euler angles 
(0°, 0, 0°) when the Au IDT and the Si0 2 film are formed on a LiTa0 3 substrate having Euler angles (0°, G, 0°). In this 
case, the normalized thickness of the IDT was changed to 0.022, 0.025, and 0.030, and the normalized thickness Hs/ 
X of the Si0 2 film was varied to 0.00 (without Si0 2 film), 0.10, 0.20, 0.30, and 0.45. 

[0107] Fig. 25 shows that the electromechanical coupling coefficient K SAW becomes smaller as the thickness of the 
30 Si0 2 film is increased. It is now assumed that the thickness of the IDT is decreased for suppressing a characteristic 
deterioration caused by the formation of Si0 2 film, which is described in detail below. Fig. 16 shows that the electro- 
mechanical coupling coefficient K SAW is decreased to 0.245 when the normalized thickness of the Al IDT is reduced 
to 0.04 without the formation of Si0 2 film. If the normalized thickness of the Al IDT is reduced to 0.04 with the formation 
of a Si0 2 film, the electromechanical coupling coefficient K SAW becomes even smaller, which makes it difficultto achieve 
35 a wider band when the resulting SAW apparatus is put to practical use. 

[0108] In contrast, as is seen from Fig. 25, when the IDT is formed of Au and a Si0 2 film is formed, the electrome- 
chanical coupling coefficient K SAW can be increased to 0.245 or greater by setting 9 of the Euler angles to be 128.5° 
or smaller even though the normalized thickness Hs/X of the Si0 2 film is about 0.45. When the normalized thickness 
of the Si0 2 film is about 0.30, the electromechanical coupling coefficient K SAW can be increased to 0.245 or greater 
40 by setting Gof the Euler angles to be 132° or smaller. As discussed below, when Gof the Euler angles is smaller than 
115°, the attenuation constant is increased, which makes it difficult put the SAW apparatus to practical use. Thus, 
preferably, a 25° to 42° -rotated Y-cut X-propagating LiTa0 3 substrate having Euler angles (0±3°, 115° to 132°, 0+3°), 
and more preferably, a 25° to 38.5° -rotated Y-cut X-propagating LiTa0 3 substrate having Euler angles (0±3°, 115° to 
128.5°, 0+3°) is used. 

45 [0109] The temperature coefficient for the frequency (TCF) of a 36°-rotated Y-cut X-propagating LiTa0 3 substrate 
having Euler angles (0°, 126°, 0°) is -30 to -40 ppm/°C, which is not sufficient. In order to improve the TCF to be ±20 
ppm/°C, an Au IDT was formed on a 36° -rotated Y-cut X-propagating LiTa0 3 substrate having Euler angles (0°, 126°, 
0°), and the thickness of the Si0 2 film was changed. In this case, the TCF with respect to the normalized thickness of 
the Si0 2 film is shown in Fig. 19. In Fig. 19, O indicates the ideal values, and x designates the values measured. In 

50 this case, the normalized thickness H/X of the Au IDT is 0.020. 

[0110] Fig. 1 9 shows that the formation of the Si0 2 film improves the TCF, and in particular, when the normalized 
thickness Hs/X of the Si0 2 film is about 0.25. the TCF becomes zero. 

[0111] Also, by using two types of rotated Y-cut X-propagating LiTa0 3 substrates, i.e.. a substrate having a cut angle 
of 36° (Euler angles (0°, 126°, 0°)), and a substrate having a cut angle of 38° (Euler angles (0°, 128°, 0°)), the nor- 
55 malized thickness H/X of an Au IDT and the normalized thickness Hs/X of a Si0 2 film were changed. The attenuation 
constants a with respect to the normalized thickness of the Si0 2 film are shown in Figs. 20 and 21 . Figs. 20 and 21 
reveal that the attenuation constant a can be made smaller if the thickness of the Si0 2 film is suitably selected regardless 
of the thickness of the IDT. More specifically, as is seen from Figs. 20 and 21 , if the normalized thickness Hs/X, of the 
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Si0 2 film ranges from 0.03 to 0.45, and more preferably, from 0.10 to 0.35, the attenuation constant a can be reduced 
to a minimal level regardless of the above-described two types of Euler angles of the LiTa0 3 substrate and the thickness 
of the Au IDT. 

[0112] Fig. 17 shows that the use of an Au IDT achieves a sufficiently large reflection coefficient even with a small 

5 thickness of the IDT compared to an Al IDT. 

[0113] Thus, according to the results of Figs. 16 through 21 , when an Au IDT having a normalized thickness H/X of 
0.013 to 0.030 is formed on a LiTa0 3 substrate, a large electromechanical coupling coefficient can be implemented, 
and also, the attenuation coefficient a can be reduced to a minimal level, and a sufficient reflection coefficient can be 
implemented if the normalized thickness Hs/X of the Si0 2 film is set to range from 0.03 to 0.45. 

10 [0114] In the second embodiment, the SAW apparatus 1 1 was manufactured by forming an Au IDT having a normal- 
ized thickness H/X of 0.020 and a Si0 2 film having a normalized thickness Hs/X of 0.1 on a LiTa0 3 substrate having a 
cut angle of 36° (Euler angles of (0°, 126°, 0°)). The attenuation-vs.-frequency characteristic of the SAW apparatus 
1 1 is indicated by the broken line of Fig. 22. For comparison, the attenuation-vs.-frequency characteristic of the SAW 
apparatus 1 1 before the formation of the Si0 2 film is also indicated by the solid line of Fig. 22. 

15 [0115] Fig. 22 reveals that, because of the formation of the Si0 2 film, the insertion loss is decreased even though 
the electromechanical coupling coefficient is slightly reduced from 0.30 to 0.28. Accordingly, it has been proved that 
the attenuation constant a can be decreased if thethickness 0ftheSiO 2 film is set to the above-described specific range. 
[0116] After discovering the above-described fact, the present inventors formed one-port SAW resonators on an 
experimental basis by forming an Au IDT having a normalized thickness of 0.02 and a Si0 2 film on rotated Y-cut X- 

20 propagating LiTa0 3 substrates having different Euler angles. In this case, the normalized thickness of the Si0 2 film 
was varied to 0.1 0, 0.20, 0.30, and 0.45. The Q factors of the one-port SAW resonators are shown in Fig. 26. 
[0117] Generally, as the Q factor of a resonator is increased, the sharpness of the filter characteristic of the resonator 
from the pass band to the attenuation range is increased. Accordingly, if a sharp filter characteristic is required, a 
greater Q factor is desirable. As is seen from Fig. 26, when the cut angle of the substrate is 48° (Euler angles (0°, 

25 138°, 0°)), the Q factor becomes maximum, and when the cut angle ranges from 42° to 58° (Euler angles of (0°, 132° 
to 148°, 0°)), the Q factor becomes comparatively large regardless of the thickness of the Si0 2 film. 
[0118] Accordingly, as is seen from Fig. 26, by forming a SAW resonator such that at least one IDT made of a metal 
having a density higher than A1 is formed on a Y-cut LiTa0 3 substrate having a cut angle of 42° to 58° (Euler angles 
(0°, 132° to 148°, 0°)), and a Si0 2 film is formed to cover the IDT on the LiTa0 3 substrate, a large Q factor can be 

30 obtained. It is preferable that the cut angle of the LiTa0 3 substrate is 46.5° to 53° (Euler angles (0°, 136.5° to 143°, 
0°)), as can be seen from Fig. 26. 

[0119] In the present invention, a contact layer may be formed on the top surface of the IDT. More specifically, as 
shown in Fig. 27A, an IDT 33 is formed on a LiTa0 3 substrate 32, and a contact layer 34 may be formed on the top 
surface of the IDT 33. The contact layer 34 is disposed between the IDT 33 and a Si0 2 film 35, so that it increases the 

35 contact strength of the Si0 2 film 35 to the IDT 33. As the material for the contact layer 34, Pd or Al, or an alloy thereof 
may be suitably used. The contact layer 34 is not restricted to a metal, and a piezoelectric material, such as ZnO, or 
ceramics, such asTa 2 0 3 or A1 2 0 3 , may be used. The formation of the contact layer 34 increases the contact strength 
between the IDT 33 and the Si0 2 film 35, thereby preventing the Si0 2 film 35 from peeling off. 
[0120] The thickness of the contact layer 34 is preferably about 1% or less of the SAW wavelength so as to minimize 

40 the influence on the SAW by the formation of the contact layer 34. Although the contact layer 34 is formed only on the 
top surface of the IDT 33 in Fig. 27A, it may also be formed at the interface between the LiTa0 3 substrate 33 and the 
Si0 2 film 35, as shown in Fig. 27B. Alternatively, as shown in Fig. 27C, the contact layer 34 may also be formed, not 
only on the top surface of the IDT 33, but also on the side surfaces of the IDT 33. 

[0121] As another configuration for improving the contact strength of the Si0 2 film, a plurality of electrodes including 
45 bus bars and externally connecting pads other than IDTs may be laminated with an underlying metal layer formed of 
the same material as the IDT, and an upper metal layer made of Al or an Al alloy laminated with the underlying metal 
layer. For example, as an electrode film forming the reflectors 24a and 24b shown in Fig. 15, an underlying metal layer 
made of the same material as the IDTs 23a and 23b and an Al film may be laminated on the underlying metal layer. 
Accordingly, by providing an upper metal layer made of Al or an Al alloy, the contact strength of the Si0 2 film can be 
50 enhanced. Additionally, the cost of the electrode can be reduced, and the Al wedge bonding can also be enhanced. 
[0122] The electrodes otherthan IDTs include, not only reflectors, bus bars, and externally connecting pads, but also 
wiring electrodes, which are formed if necessary. The Al alloy may include an Al-Ti alloy and an Al-Ni-Cr alloy by way 
of examples only. 

[0123] The present inventors have confirmed that there is a certain range of thickness of a Si0 2 film that minimizes 
55 the attenuation constant a as long as an Au IDT is formed even when a Y-cut X-propagating LiTa0 3 substrate having 
Euler angles other than the above-described angles is used. That is, if the normalized thickness Us/X of the Si0 2 film 
is set to be a specific range, the attenuation constant a can be reduced, as in the above-described example. The 
relationship between the attenuation constant a and the Euler angle G when the normalized thickness Hs/X of the Si0 2 
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film was set to be 0.1 to 0.45 are shown in Figs. 28 through 35. Figs. 28 through 35 show that the Euler angle 0 that 
minimizes the attenuation constant a becomes smaller as the thickness of the Si0 2 film is increased. Accordingly, even 
when a Y-cut X-propagating LiTa0 3 substrate having Euler angles other than the above-described angles is used, it 
is possible to provide a SAW apparatus that exhibits a large electromechanical coupling coefficient and a large reflection 
coefficient, and that reduces the TCF to one half of a known SAW apparatus if an Au IDT is formed, and a Si0 2 film 
having a suitable thickness is laminated. Preferable combinations of the Euler angles, the thickness of the Au IDT, and 
the thickness of the Si0 2 film that achieve the above-described advantages are shown in Table 1 and Table 2. 



Table 1 



G of Euler angles (0±3°, G, 0+3°) 


Au normalized thickness (H/?i) 


Si0 2 film normalized thickness (Hs/1) 


120.0° <G < 123.0° 


0.013 - 0.018 


0.15 - 0.45 


123.0° <G < 124.5° 


0.013 - 0.022 


0.10 - 0.40 


124.5° <G < 125.5° 


0.013 - 0.025 


0.07 - 0.40 


125.5° <G < 127.5° 


0.013 - 0.025 


0.06 - 0.40 


127.5° <G < 129.0° 


0.013 - 0.028 


0.04 - 0.40 


129.0° <G < 130.0° 


0.017 - 0.030 


0.03 - 0.42 


130.0° <G < 131.5° 


0.017 - 0.030 


0.03 - 0.42 


131.5° <G < 133.0° 


0.018 - 0.028 


0.05 - 0.33 


133.0° <G < 135.0° 


0.018 - 0.030 


0.05 - 0.30 


135.0° <G < 137.0° 


0.019 - 0.032 


0.05 - 0.25 


137.0° <G< 140.0° 


0.019 - 0.032 


0.05 - 0.25 



Table 2 



G of Euler angles 


Au normalized 


Si0 2 film 


(0+3°, G, 0±3°) 


thickness (\-\/X) 


normalized thickness (Hs/X) 


129.0° <0< 130.0° 


0.022 - 0.028 


0.04 - 0.40 


130.0°<G< 131.5° 


0.022 - 0.028 


0.04 - 0.40 


131 .5° <0< 133.0° 


0.022 - 0.028 


0.05 - 0.33 


133.0° <G<135.0° 


0.022 - 0.030 


0.05 - 0.30 


135.0° <0< 137.0° 


0.022 - 0.032 


0.05 - 0.25 


137.0° <0< 140.0° 


0.022 - 0.032 


0.05 - 0.25 



[0124] G of the Euler angles may sometimes deviate from the desired angle by -2° to +4°. This deviation is generated 
due to the fact that calculations were made in this embodiment, assuming that a metallic film was formed on the entire 
surface of the substrate, and there may be some errors within the above range in actual SAW apparatuses. 
[0125] When manufacturing the SAW apparatus according to the present invention, it is preferable that an IDT pri- 
marily including Au is formed on a rotated Y-cut X-propagating LiTa0 3 substrate, and in this state, the frequency is 
adjusted, andthen, aSi0 2 film having a thickness that can reduce the attenuation constant a isformed. This is explained 
below with reference to Figs. 23 and 24. Au IDTs having different thickness values and Si0 2 films having different 
thickness values were formed on a 36°-rotated Y-cut X-propagating LiTa0 3 substrate (Euler angles (0°, 126°, 0°)). Fig. 
23 illustrates a change in the acoustic velocity of a leaky SAW with respect to the thickness of the IDT. Fig. 24 illustrates 
a change in the acoustic velocity of a leaky SAW with respect to the thickness of the Si0 2 film. Figs. 23 and 24 show 
that a change in the acoustic velocity of the SAW is much larger when the thickness of the IDT is varied than when the 
thickness of the Si0 2 film is varied. Accordingly, it is desirable that the frequency is adjusted before the formation of 
the Si0 2 film, for example, it is desirable that the frequency is adjusted after an Au IDT is formed by laser etching or 
ion etching. More preferably, the normalized thickness of the Au IDT ranges from 0.015 to 0.030, in which case, a 
change in the acoustic velocity by a variation of aSi0 2 film becomes small, and a frequency fluctuation due to a variation 
of the Si0 2 film can be decreased. 
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[0126] 0 of the Euler angles may sometimes deviate from the desired angle by -2° to +4°. This deviation is generated 
due to the fact that calculations were made in this embodiment, assuming that a metallic film was formed on the entire 
surface of the substrate, and there may be some errors within the above range in actual SAW apparatuses. 
[0127] When manufacturing SAW apparatuses, although § and y of the Euler angles deviate from 0° by ± 3°, sub- 
5 stantially the same characteristic as that when § and \j/ are 0° can be obtained. 

[0128] A SAW apparatus of a third embodiment is described below. The SAW apparatus of the third embodiment is 
similar to the SAW apparatus 21 of the second embodiment shown in Fig. 15, except that the IDTs 23a and 23b are 
made of Ag. 

[0129] As stated below, when the IDTs 23a and 23b are made of Ag, the thickness HA of the IDTs 23a and 23b 

10 standardized by the SAW wavelength X is preferably from 0.01 to 0.08. 

[0130] According to the SAW apparatus of the third embodiment, the IDTs 23a and 23b are made of Ag on the LiTa0 3 
substrate 22, and the thickness of the IDTs 23a and 23b can be decreased. Since the LiTa0 3 substrate having particular 
Euler angles is used, the attenuation constant can be considerably decreased, thereby achieving low insertion loss. 
By the formation of the Si0 2 film 25, a desirable level of temperature coefficient for the frequency (TCP) can be imple- 

15 mented. This is described in detail below by way of specific examples. 

[0131] SAWs propagating in a LiTa0 3 substrate include, not only Rayleigh wave, but also leaky SAW (LSAW). Al- 
though the LSAW has a higher acoustic velocity and a greater electromechanical coupling coefficient than the Rayleigh 
wave, it propagates while radiating energy in the substrate. Accordingly, the LSAW causes attenuation, resulting in the 
insertion loss. 

20 [0132] Fig. 36 illustrates the relationship between the electromechanical coupling coefficient K SAW and the normal- 
ized thickness HA, of an Ag IDT on a 36°-rotated Y-cut X-propagating LiTa0 3 substrate (having Euler angles (0°. 126°, 
0°)). It should be noted that X represents the wavelength at the center frequency of the SAW apparatus. 
[0133] Fig. 36 shows that, when the normalized thickness HA of the Ag film ranges from 0.01 to 0.08, the electro- 
mechanical coupling coefficient K SAW becomes 1 .5 times or greater than a SAW apparatus without an Ag film (HA=0). 

25 When the normalized thickness HA of the Ag film ranges from 0.02 to 0.06, the electromechanical coupling coefficient 
K SAW becomes 1 .7 times or greater than a SAW apparatus without an Ag film. When the normalized thickness HA of 
the Ag film ranges from 0.03 to 0.05, the electromechanical coupling coefficient K SAW becomes 1 .8 times or greater 
than a SAW apparatus without an Ag film. 

[0134] If the normalized thickness HA of the Agfilm exceeds 0.08, it becomes difficult to form an Ag IDT. Accordingly, 
30 in order to obtain a large electromechanical coupling coefficient without a difficulty in forming an Ag IDT, the normalized 
thickness of the Ag IDT is desirably from 0.01 to 0.08, and more preferably, from 0.02 to 0.06, and further preferably, 
0.03 to 0.05. 

[0135] The relationship between the TCF and the normalized thickness HsA of a Si0 2 film formed on a LiTa0 3 
substrate is shown in Fig. 37. In Fig. 37, the results obtained when three types of LiTa0 3 substrates having Euler angles 

35 (o°, 113°, 0°), (0°, 126°, 0°), (0°, 129°, 0°) were used are shown. In this example, an electrode is not formed. 

[0136] Fig. 37 reveals that the TCF ranges from -20 to +20 ppm/°C when the normalized thickness HsA of the Si0 2 
film is from 0.15 to 0.45 regardless of whether the angle of G is 113°, 126°, or 129°. However, since it takes time to 
form a Si0 2 film, the normalized thickness HsA of the Si0 2 film is desirably from 0.15 to 0.40. 
[01 37] It is known that the TCF of the Rayleigh wave is improved by the formation of a Si0 2 film on a LiTa0 3 substrate. 

40 No experiments have been made, however, that an Ag electrode is formed on a LiTa0 3 substrate and a Si0 2 film is 
laminated by considering the thickness of the Ag electrode, the thickness of the Si0 2 film, the Euler angles, and the 
attenuation constant of a leaky SAW. 

[0138] Fig. 38 illustrates a change in the attenuation constant a when Ag electrodes having a normalized thickness 
HA of 0.10 or smaller and Si0 2 films having a normalized thickness HsA of 0 to 0.5 were formed on a LiTa0 3 substrate 

45 having Euler angles (0°, 120°, 0°). Fig. 38 shows that the attenuation constant a is small when the normalized thickness 
HsA of the Si0 2 film is 0.2 to 0.4, and when the normalized thickness HA of the Ag film is 0.01 to 0.10. 
[0139] Fig. 39 illustrates a change in the attenuation constant a when Ag electrodes having a normalized thickness 
HA of 0 to 0.10 and Si0 2 films having a normalized thickness HsA of 0 to 0.5 were formed on a LiTa0 3 substrate 
having Euler angles (0°, 140°, 0°). As is seen from Fig. 39, when 0 is 140°, the attenuation constant a becomes larger 

50 as the thickness of the Si0 2 film is changed as described above when the normalized thickness of the Ag film is 0.06 
or smaller. 

[0140] That is. in order to achieve an improved TCF, a large electromechanical coupling coefficient, and a small 
attenuation constant, it is necessary to suitably combine the cut angle, i.e., the Euler angles, of a LiTa0 3 substrate, 
the thickness of a Si0 2 film, and the thickness of an Ag film. 
55 [0141] Figs. 40 through 47 illustrate the relationship between the attenuation constant a and 9 of the Euler angles 
when Ag films having a normalized thickness HA of 0.1 or smaller were formed on a LiTa0 3 substrate and when the 
normalized thickness HsA of the Si0 2 film was changed to 0.1 , 0.15, 0.2, 0.25, 0.3, 0.35, 0.4, and 0.45, respectively. 
[0142] As is seen from Figs. 40 through 47, by setting the normalized thickness of the Ag film to be 0.01 to 0.08 and 
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by selecting any of the following combinations of the Si0 2 film and 9 of the Euler angles shown in Table 3, it is possible 
to implement a high level of TCF, a large electromechanical coupling coefficient, and a small attenuation constant a. 
It is desirable that more preferable Euler angles are selected shown at the right side of Table 3, in which case, a higher 
level of characteristics can be exhibited. 

Table 3 



Ag normalized thickness HA,: 0.01 to 0.08 


Si0 2 normalized thickness (Hs/1) 


Euler angles of LiTa0 3 (°) 


More preferable Euler angles (°) 


0.15 - 0.18 


0±3, 117 to 137, 0±3 


0±3, 120 to 135, 0±3 


0.18-0.23 


0±3, 117 to 136, 0+3 


0+3, 11 8 to 133, 0+3 


0.23 - 0.28 


0±3, 115 to 135, 0±3 


0±3, 11 7 to 133, 0+3 


0.28 - 0.33 


0±3, 113 to 133, 0±3 


0+3, 115 to 132, 0+3 


0.33 - 0.38 


0±3, 113 to 135, 0±3 


0±3, 115 to 133, 0+3 


0.38 - 0.40 


0±3, 113 to 132, 0±3 


0±3, 115 to 130, 0+3 



[0143] More preferably, when the standard thickness H/X, of the Ag film is 0.02 to 0.06, any of the following combi- 
nations shown in Table 4 of the normalized thickness of the Si0 2 film and 9 of the Euler angles, and even more desirably, 
more preferable Euler angles at the right side of Table 4, are selected, and then, a higher level of desirable character- 
istics is obtained. 



Table 4 



Ag normalized thickness \-\/X\ 0.02 to 0.06 


Si0 2 normalized thickness (Hs/X) 


Euler angles of LiTa0 3 (°) 


More preferable Euler angles (°) 


0.15 - 0.18 


0+3, 120 to 133, 0±3 


0±3, 122 to 130, 0+3 


0.18 - 0.23 


0+3, 120 to 137, 0±3 


0+3, 122 to 136, 0±3 


0.23-0.28 


0+3, 120 to 135, 0+3 


0+3, 122 to 133, 0+3 


0.28 - 0.33 


0+3, 118 to 135, 0±3 


0±3, 120 to 133, 0+3 


0.33 - 0.38 


0+3, 115 to 133, 0±3 


0±3, 11 7 to 130, 0+3 


0.38 - 0.40 


0+3, 113 to 130, 0±3 


0+3, 115 to 128, 0+3 



[0144] Even more preferably, when the standard thickness H/X of the Ag film is 0.03 to 0.05, any of the following 
combinations shown in Table 5 of the normalized thickness of the Si0 2 film and 0 of the Euler angles, and even more 
40 desirably, more preferable Euler angles at the right side of Table 5, are selected, and then, the characteristics can be 
further improved. 



Table 5 



Ag normalized thickness H/X: 0.03 to 0.05 


Si0 2 normalized thickness (Hs/X) 


Euler angles of LiTa0 3 (°) 


More preferable Euler angles (°) 


0.15 - 0.18 


0+3, 122 to 142, 0±3 


0+3, 123 to 140, 0+3 


0.18 - 0.23 


0+3, 120 to 140, 0±3 


0±3, 122 to 137, 0+3 


0.23-0.28 


0+3, 117 to 138, 0±3 


0+3, 120 to 135, 0+3 


0.28-0.33 


0+3, 116 to 136, 0±3 


0±3, 11 8 to 134, 0±3 


0.33 - 0.38 


0+3, 114 to 135, 0±3 


0±3, 11 7 to 133, 0+3 


0.38 - 0.40 


0+3, 113 to 130, 0±3 


0+3, 115 to 128, 0+3 



[0145] In the present embodiment, the IDT may be made of only Ag. Alternatively, the IDT may be made of an Ag 
alloy or a laminated electrode of Ag and another metal as long as such an alloy or a laminated electrode essentially 
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consists of Ag. In this case, it is necessary that Ag constitutes 80% by weight of the total IDT. Accordingly, an Al thin 
film or a Ti thin film may be formed as an underlying layer of the Ag IDT, in which case, it is necessary that Ag constitutes 
80% by weight of a total of the underlying layer and the IDT 

[0146] In the above-described example, a LiTa0 3 substrate having Euler angles (0°, G, 0°) was used, and normally, 
5 there is a variation of 0±3° in § and However, even in a LiTa0 3 substrate having such a variation, i.e., (0+3°, 113° 
to 142°, 0+3°), advantages of the present invention can be achieved. 

[0147] G of the Euler angles may sometimes deviate from the desired angle by -2° to +4°. This deviation is generated 
due to the fact that calculations were made in this embodiment, assuming that a metallic film was formed on the entire 
surface of the substrate, and there may be some errors within the above range in actual SAW apparatuses. 
10 [0148] A SAW apparatus of a fourth embodiment is described below. The SAW apparatus of the fourth embodiment 
is similar to the SAW apparatus 21 of the second embodiment shown in Fig. 15, except that the IDTs 23a and 23b are 
made of Cu. Since the electrodes are made of Cu having a higher density than Al, the electromechanical coupling 
coefficient and the reflection coefficient can be improved. 

[0149] Fig. 58 illustrates the relationship between the reflection coefficient of a Cu electrode and that of an A1 elec- 
ts trode and the normalized thickness of the corresponding electrode when the normalized thickness of a Si0 2 film is 0.20. 
[0150] Fig. 58 shows that the reflection coefficient per electrode finger can be increased when the Cu electrode was 
used rather than the Al electrode so that the number of electrode fingers can be decreased. Thus, the size of the 
reflectors can be reduced, and accordingly, the overall size of the resulting SAW apparatus can be reduced. 
[0151] As discussed below, the thickness H/X of the IDTs 23a and 23b standardized by the wavelength X is preferably 
20 from 0.01 to 0.08. 

[0152] Fig. 48 illustrates a change in the attenuation constant a when Cu electrodes having a normalized thickness 
of H/X of 0.10 or smaller and Si0 2 films having a normalized thickness Hs/X of 0 to 0.5 were formed on a LiTa0 3 
substrate having Euler angles (0°, 120°, 0°). Fig. 48 shows that the attenuation constant a is small when the normalized 
thickness Hs/X. of the Si0 2 film is 0.2 to 0.4 and when the normalized thickness H/X of the Cu film is 0.01 to 0.10. 
25 [0153] Fig. 49 illustrates a change in the attenuation constant a when Cu electrodes having a normalized thickness 
of H/X of 0 to 0.10 and Si0 2 films having a normalized thickness Hs/X of 0 to 0.5 were formed on a LiTa0 3 substrate 
having Euler angles (0°, 135°. 0°). As is seen from Fig. 49, when Gis 135°, the attenuation constant ocbecomes larger 
as the thickness of the Cu film and that of the Si0 2 film are changed as described above. 

[0154] Accordingly, it order to achieve an improved TCF, a large electromechanical coupling coefficient, and a small 
30 attenuation constant, it is necessary to suitably combine the cut angle, i.e., the Euler angles, of a LiTa0 3 substrate, 
the thickness of a Si0 2 film, and the thickness of a Cu electrode. 

[0155] Figs. 50 through 57 illustrate the relationship between the attenuation constant a and G of the Euler angles 
when Cu films having a normalized thickness H/X of 0.1 or smaller were formed on a LiTa0 3 substrate and when the 
normalized thickness Hs/X of the Si0 2 film was changed to 0.1 , 0.1 5, 0.2, 0.25, 0.3, 0.35, 0.4, and 0.45, respectively. 
35 [0156] As is seen from Figs. 50 through 57, by setting the normalized thickness H/X of the Cu film to be 0.01 to 0.08 
and by selecting any of the following combinations of the normalized thickness of the Si0 2 film and G of the Euler angles 
shown in Table 6, it is possible to implement an improved TCF (±20 ppm/°C), a large electromechanical coupling 
coefficient, and a small attenuation constant a. It is desirable that more preferable Euler angles shown at the right side 
of Table 6 are selected, in which case, a higher level of characteristics can be exhibited. 

40 

Table 6 



Si0 2 normalized thickness (Hs/X) 


Euler angles of LiTa0 3 (°) 


More preferable Euler angles (°) 


0.15 - 0.18 


0+3, 117 to 137, 0±3 


0+3, 120 to 135, 0+3 


0.18 - 0.23 


0±3, 117 to 136, 0±3 


0±3, 11 8 to 133, 0+3 


0.23 - 0.28 


0±3, 115 to 135, 0±3 


0±3, 11 7 to 133, 0+3 


0.28 - 0.33 


0±3, 113 to 133, 0+3 


0+3, 115 to 132, 0+3 


0.33 - 0.38 


0+3, 113 to 135, 0±3 


0±3, 115 to 133, 0+3 


0.38 - 0.40 


0+3, 113 to 132, 0±3 


0±3, 115 to 130, 0+3 



[0157] As can be inferred from the electromechanical coupling coefficient K SAW when the Au electrode was used 
shown in Fig. 25, the electromechanical coupling coefficient K SAW is considerably increased when G of the Euler angle 
is 125° or smaller. Accordingly, it is more preferable that the combinations of the normalized thickness Hs/X oftheSi0 2 
film and the Euler angles shown in Table 7 are selected. 
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Table 7 



SiOo normalized thickness (Hs/X) 


Euler angles of LiTa0 3 (°) 


0.15 - 0.18 


0+3, 117 to 125, 0+3 


0.18 - 0.23 


0±3, 117 to 125, 0±3 


0.23 - 0.28 


0±3, 115 to 125, 0±3 


0.28 - 0.33 


0+3, 113 to 125, 0+3 


0.33-0.38 


0±3, 113 to 125, 0±3 


0.38-0.40 


0±3, 113 to 125, 0+3 



[0158] The Euler angle 6 min that reduces the attenuation constant a to 0 or minimizes the attenuation constant a 
with respect to the normalized thickness Hs/X, of the Si0 2 film and the normalized thickness H/X of the Cu film was 
determined from the results of Figs. 48 through 56. Such an Euler angle 9 min is shown in Fig. 59. 
[0159] By approximating the curves shown in Fig. 59 by a cubic polynomial when the normalized thickness H/X of 
the Cu film is 0, 0.02, 0.04, 0.06, and 0.08, the following equations A through E are found. 

(a) When 0< H/X < 0.01 

0 min = [(-139.713XHS 3 ) + (43.071 32 XHs 2 ) - (20.568011 XHs) +- 125.8314] A; 

(b) When 0.01 < H/X < 0.03 

G mjn = [(-139.660XHS 3 ) + (46.02985 XHs 2 ) - (21 .1 41 500 XHs 2 ) + 127.4181] B; 

(c) When 0.03< H/X < 0.05 

6 min = [(-139.607 XHs 3 ) + (48.98838 XHs 2 )- (21 .714900xHs) + 129.0048] C; 

(d) When 0.05< H/X< 0.07 

G mjn = [(-1 12.068 XHs 3 ) + (39.60355 XHs 2 )- (21 .1 86000 XHs) + 129.9397] D; 

and 

(e) When 0.07 < H/X < 0.09 

G mjn = [(-126.954 XHs 3 ) + (67.40488 X Hs 2 )- (29.432000 X Hs) + 131 .5686] E. 

[0160] Accordingly, it is preferable that 0of the Euler angles (0+3°, 9, 0+3°) is 0 mjn expressed by the above-described 
equations A through E. However, when 0 mjn -2° <0<0mm + 2°, the attenuation constant can be effectively decreased. 
[0161] In the present embodiment, the IDT may be made of only Cu. Alternatively, the IDT may be made of a Cu 
alloy or a laminated electrode of Cu and another metal as long as such an alloy or a laminated electrode essentially 
consists of Cu. More specifically, the IDT primarily including Cu must satisfy the following condition when the average 
density of the electrode is indicated by p (average): 

p (Cu) x 0.7 < p (average) < p (Cu) x 1 .3, 

i.e., 6.25 g/cm 3 < p (average) < 1 1 .6 g/cm 3 . 
An upper layer or an underlying layer made of a metal having a density higher than Al, such as W, Ta, Au, Pt, Ag, or 



23 



EP 1 391 988 A2 



Cr, may be laminated on the Cu electrode so that p (average) satisfies the above-described condition. In this case, 
advantages similar to those obtained by a single Cu layer can be achieved. 

[0162] G of the Euler angles may sometimes deviate from the desired angle by -2° to +4°. This deviation is generated 
due to the fact that calculations were made in this embodiment, assuming that a metallic film was formed on the entire 
5 surface of the substrate, and there may be some errors within the above range in actual SAW apparatuses. 

[0163] When manufacturing SAW apparatuses, there is a variation of 0±3° in <]> and y of the Euler angles. However, 
substantially the same characteristic as that when § and y are 0° can be obtained. 

[0164] A SAW apparatus of a fifth embodiment is described below. The SAW apparatus of the fifth embodiment is 
similar to the SAW apparatus 21 of the second embodiment shown in Fig. 1 5, except that the IDTs 23a and 23b and 
10 the reflectors 24a and 24b are made of tungsten (W). The normalized thickness HA of the IDTs is 0.0025 to 0.06. 

[0165] As the piezoelectric substrate 22, a 22° to 48° -rotated Y-cut X-propagating LiTaO s substrate having Euler 
angles (0°, 112° to 138°, 0°) was used. 

[0166] In the fifth embodiment, since the 22° to 48° -rotated Y-cut X-propagating LiTa0 3 substrate 22, the IDTs 23a 
and 23b made of tungsten having a normalized thickness HA of 0.0025 to 0.06, andtheSi0 2 film 25 having a normalized 
15 thickness HsA of 0.1 0 to 0.40 were used, it is possible to provide a SAW apparatus that has an improved TCF, a large 
electromechanical coupling coefficient K SAW , and a small propagation loss. The fifth embodiment is described in detail 
below by way of a specific example. 

[0167] Figs. 60 and 61 illustrate a change in the attenuation constant a when tungsten IDTs having different thickness 
values and Si0 2 films having different thickness values were formed on a LiTa0 3 substrate having Euler angles (0°, 

20 120°, 0°) and a LiTa0 3 substrate having Euler angles (0°, 140°, 0°), respectively. 

[0168] As is seen from Fig. 60, when G is 120°, the attenuation constant a is small when the normalized thickness 
HsA of the Si0 2 film is 0.1 to 0.4 and the normalized thickness HA, of the tungsten electrode is 0.0 to 0.10. As is seen 
from Fig. 61 , when 0 is 140° the attenuation constant oc is increased compared to the case where 0 is 120° for normalized 
thickness HA, of the tungsten electrode 0.0 to 0.10, regardless of the normalized thickness HsA of the Si0 2 film. 

25 [0169] That is, in order to reduce the TCF to ±20 ppm/°C, to achieve a large electromechanical coupling coefficient, 
and to decrease the attenuation constant, three conditions, i.e.. the Euler angles of the LiTa0 3 substrate, the thickness 
of the Si0 2 film, and the thickness of the tungsten electrode, must be considered. 

[0170] Figs. 62 through 65 illustrate the relationship between the attenuation constant a and 6 of the Euler angles 
when the normalized thickness HsA of the Si0 2 film and the normalized thickness HA of the tungsten electrode were 
30 changed. 

[0171] As is seen from Figs. 62 through 65, optimal combinations of the normalized thickness of the Si0 2 film and 
0 when the normalized thickness HA of the tungsten electrode is 0.012 to 0.053 and is 0.015 to 0.042 can be shown 
in Table 8 and Table 9. 0 shown in Table 8 and Table 9 may vary by about -2° to +4 0 due to a variation in the electrode 
finger width of the tungsten electrode or a variation in the single crystal substrate. The thickness values which are not 
35 shown in Figs. 62 through 65 were determined by the proportional distribution. 



Table 8 



Tungsten normalized thickness HA: 0.012 to 0.053 


Si0 2 normalized thickness (HsA) 


Euler angles of LiTa0 3 (°) 


More preferable Euler angles (°) 


0.10-0.15 


0+3, 114.2 to 138.0, 0±3 


0+3, 117.7 to 134.0, 0+3 


0.15 - 0.20 


0+3, 113.0 to 137.8, 0+3 


0+3, 117.0 to 133.5, 0±3 


0.20 - 0.30 


0±3, 113.0 to 137.5, 0+3 


0+3, 116.5 to 133.0, 0±3 


0.30-0.35 


0+3, 112.7 to 137.0, 0+3 


0+3, 116.5 to 133.0, 0+3 


0.35 - 0.40 


0±3, 112.5 to 136.0, 0±3 


0+3, 116.5 to 132.3, 0±3 



so Table 9 



Tungsten normalized thickness HA: 0.015 to 0.042 


Si0 2 normalized thickness (HsA) 


Euler angles of LiTa0 3 (°) 


More preferable Euler angles (°) 


0.10 - 0.15 


0+3, 114.3 to 138.0, 0+3 


0±3, 11 7.7 to 133.5, 0+3 


0.15 - 0.20 


0±3, 113.0 to 137.5, 0+3 


0±3, 11 7.7 to 133.5, 0+3 


0.20 - 0.30 


0±3, 112.5 to 137.0, 0+3 


0±3, 117.0 to 132.5, 0+3 
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Table 9 (continued) 



Tungsten normalized thickness H/X: 0.015 to 0.042 


Si0 2 normalized thickness (Hs/X) 


Euler angles of LiTa0 3 (°) 


More preferable Euler angles (°) 


0.30-0.35 


0±3, 112.2 to 136.5, 0±3 


0±3, 116.8 to 132.5, 0+3 


0.35 - 0.40 


0±3, 112.0 to 135.3, 0±3 


0±3, 116.0 to 131.5, 0+3 



[0172] When the normalized thickness H/X of the tungsten electrode is 0.012 to 0.053, as indicated in Table 8, the 
normalized thickness Hs/X of the Si0 2 film is set to be 0.1 to 0.4 in order to set the range of the TCF to be ±20 ppm/ 
°C. In this case, 0 of the Euler angles of the LiTa0 3 substrate must be 1 1 2° to 1 38° (corresponding to the rotation angle 
of 20° to 50°), and more preferably, the Euler angles indicated at the right side of Table 8 are selected. 
[0173] Similarly, when the normalized thickness H/X of the tungsten electrode is 0.015 to 0.042, as indicated in Table 
9, the normalized thickness Hs/X of the Si0 2 film is set to be 0.1 to 0.4 in order to set the range of the TCF to be +20 
ppm/°C. In this case, 6 of the Euler angles of the LiTa0 3 substrate must be 112° to 138°, and more preferably, the 
Euler angles indicated at the right side of Table 9 are selected according to the normalized thickness of the Si0 2 film. 
[0174] The Euler angles of LiTa0 3 shown in Table 8 and Table 9 were selected so that the attenuation constant 
becomes 0.05 or lower. The more preferable Euler angles shown in Table 8 and Table 9 were selected so that the 
attenuation constant becomes 0.025 or lower. The relationships between the Hs/X of the Si0 2 film and the Euler angles 
shown in Table 8 and Table 9 when the normalized thickness H/X of the tungsten electrode is 0.012. 0.01 5, 0.042, and 
0.053 were determined in terms of the normalized thickness H/X of the tungsten electrode shown in Figs. 62 through 65. 
[0175] When manufacturing the SAW apparatus of this embodiment, it is preferable that an IDT primarily including 
tungsten is formed on a rotated Y-cut X-propagating LiTa0 3 substrate, and in this state, the frequency is adjusted, and 
then, a Si0 2 film having a thickness that can reduce the attenuation constant a is formed. This is explained below with 
reference to Figs. 66 and 67. Tungsten IDTs having different thickness values and Si0 2 films having different thickness 
values were formed on a rotated Y-cut X-propagating LiTa0 3 substrate (Euler angles (0°, 126°, 0°)). Fig. 66 illustrates 
a change in the acoustic velocity of a leaky SAW with respect to the normalized thickness of the Si0 2 film. Fig. 67 
illustrates a change in the acoustic velocity of a leaky SAW with respect to the normalized thickness of the tungsten 
electrode. Figs. 66 and 67 show that a change in the acoustic velocity of the SAW is much larger when the thickness 
of the tungsten IDT is varied than when the thickness of the Si0 2 film is varied. Accordingly, it is desirable that the 
frequency is adjusted before the formation of the Si0 2 film, for example, it is desirable that the frequency is adjusted 
after a tungsten IDT is formed by laser etching or ion etching. 

[0176] In this embodiment, a 22° to 48° -rotated Y-cut X-propagating LiTa0 3 substrate having Euler angles (0°, 112° 
to 1 38°, 0°), a tungsten IDT having a normalized thickness H/X of 0.0025 to 0.06, and a Si0 2 film having a normalized 
thickness Hs/X of 0.1 0 to 0.40 are used. The number and the structure of IDTs are not particularly restricted. That is, 
the present embodiment can be applied to, not only the SAW apparatus shown in Fig. 15, but also various types of 
SAW resonators and SAW filters as long as the above-described conditions are satisfied. 

[0177] G of the Euler angles may sometimes deviate from the desired angle by -2° to +4°. This deviation is generated 
due to the fact that calculations were made in this embodiment, assuming that a metallic film was formed on the entire 
surface of the substrate, and there may be some errors within the above range in actual SAW apparatuses. 
[0178] When manufacturing SAW apparatuses, although § and y of the Euler angles deviate from 0° by ± 3°, sub- 
stantially the same characteristic as that when (]) and \j/ are 0° can be obtained. 

[0179] A SAW apparatus of a sixth embodiment is described below. The SAW apparatus of the sixth embodiment is 
similar to the SAW apparatus 21 of the second embodiment shown in Fig. 15. However, as the piezoelectric substrate 
22, a 14° to 58°-rotated Y-cut X-propagating LiTa0 3 substrate having Euler angles (0°, 104° to 148°, 0°) was used, 
and IDTs made of tantalum (Ta) having the normalized thickness H/X of 0.004 to 0.055 were used. 
[0180] In the sixth embodiment, since the 14° to 58°-rotated Y-cut X-propagating LiTa0 3 substrate 22 having Euler 
angles (0°, 104° to 148°, 0°), the IDTs 23a and 23b made of tantalum having a normalized thickness H/X of 0.004 to 
0.055, and the Si0 2 film 25 having a normalized thickness Hs/X of 0.10 to 0.40 were used, it is possible to provide a 
SAW apparatus that has an improved TCF, a large electromechanical coupling coefficient K SAW , and a small propa- 
gation loss. The sixth embodiment is described in detail below by way of a specific example. 

[0181] Figs. 68 and 69 illustrate a change in the attenuation constant a when tantalum IDTs having different thickness 
values and Si0 2 films having different thickness values were formed on a LiTa0 3 substrate having Euler angles (0°, 
120°, 0°) and a LiTa0 3 substrate having Euler angles (0°, 140°, 0°). 

[0182] As is seen from Fig. 68, when 0 is 120°, the attenuation constant a is small when the normalized thickness 
Hs/X of the Si0 2 film is 0.1 to 0.4 and when the thickness H/X of the tantalum electrode is 0.0 to 0.1 . In contrast, as is 
seen from Fig. 69, when 0 is 1 40°, the attenuation constant a is large when the normalized thickness H/X of the tantalum 
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electrode is 0.0 to 0.06 regardless of the normalized thickness HsA of the Si0 2 film. 

[0183] That is, in order to decrease the absolute value of the TCF, to achieve a large electromechanical coupling 
coefficient, and to decrease the attenuation constant, three conditions, i.e., the Euler angles of the LiTa0 3 substrate, 
the thickness of the Si0 2 film, and the thickness of the tantalum electrode, must be considered. 
[0184] Figs. 70 and 73 illustrate relationships between the attenuation constant a and G when the normalized thick- 
ness HsA of the Si0 2 film and the normalized thickness HA of the tantalum electrode were changed. 
[0185] As is seen from Figs. 70 through 73, optimal combinations of the normalized thickness HsA of the Si0 2 film 
and 6 when the normalized thickness HA of the tantalum electrode is 0.01 to 0.055 and 0.016 to 0.045 can be shown 
in Table 1 0 and Table 1 1 , respectively. 8 shown in Table 1 0 and Table 1 1 may vary by about -2° to +4° due to a variation 
in the electrode finger width of the tantalum electrode or a variation in the single crystal substrate. 



Table 10 



Tantalum normalized thickness HA,: 0.01 to 0.055 


Si0 2 normalized thickness (HsA) 


Euler angles of LiTa0 3 (°) 


More preferable Euler angles (°) 


0.10-0.15 


0±3, 110.5 to 148.0, 0±3 


0±3, 116.0 to 143.0, 0±3 


0.15-0.20 


0+3, 108.0 to 147.5, 0+3 


0+3, 115.0 to 141.5, 0+3 


0.20 - 0.30 


0+3, 105.0 to 148.0, 0+3 


0+3, 111.0 to 139.0, 0+3 


0.30 - 0.35 


0±3, 104.5 to 148.0, 0+3 


0+3, 111.0 to 139.0, 0+3 


0.35 - 0.40 


0±3, 104.0 to 145.0, 0+3 


0+3, 110.0 to 138.5, 0±3 


Table 11 


Tantalum normalized thickness HA: 0.016 to 0.045 


Si0 2 normalized thickness (HsA) 


Euler angles of LiTa0 3 (°) 


More preferable Euler angles (°) 


0.10-0.15 


0±3, 113.0 to 144.0, 0+3 


0±3, 118.0 to 140.0, 0±3 


0.15-0.20 


0+3, 111.0 to 144.0, 0±3 


0+3, 117.0 to 139.5, 0±3 


0.20 - 0.30 


0±3, 108.0 to 144.0, 0+3 


0+3, 113.0 to 139.0, 0±3 


0.30 - 0.35 


0±3, 107.5 to 143.0, 0+3 


0±3, 112.5 to 137.0, 0±3 


0.35 - 0.40 


0+3, 107.0 to 140.5, 0+3 


0+3, 112.0 to 135.5, 0+3 



[0186] When the normalized thickness HA of the tantalum electrode is 0.01 to 0.055, as indicated in Table 10, the 
normalized thickness HsA of the Si0 2 film is set to be 0.1 to 0.4 in order to set the range of the TCF to be ±20 ppm/ 
°C. In this case, 0 of the Euler angles of the LiTa0 3 substrate must be 104° to 148° (corresponding to the rotation 
angle of 1 4° to 58°), and more preferably, the Euler angles indicated at the right side of Table 1 0 are selected according 
to the normalized thickness HsA of the Si0 2 film. 

[0187] Similarly, when the normalized thickness HA of the tantalum electrode is 0.01 6 to 0.045, as indicated in Table 
1 1 , the normalized thickness HsA of the Si0 2 film is set to be 0.1 to 0.4 in order to improve the TCF. In this case, 6 of 
the Euler angles of the LiTa0 3 substrate must be 107° to 144°, and more preferably, the Euler angles indicated at the 
right side of Table 1 1 are selected according to the normalized thickness of the Si0 2 film. 

[0188] The Euler angles of LiTa0 3 shown in Table 10 and Table 11 were selected so that the attenuation constant 
becomes 0.05 or lower. The more preferable Euler angles shown in Table 10 and Table 11 were selected so that the 
attenuation constant becomes 0.025 or lower. The relationships between the HsA of the Si0 2 film and the Euler angles 
shown in Table 1 0 and Table 11 when the normalized thickness HA of the tantalum electrode is 0.012, 0.015, 0.042, 
and 0.053 were determined in terms of the normalized thickness HA of the tantalum electrode shown in Figs. 70 
through 73. 

[0189] When manufacturing the SAW apparatus of this embodiment, it is preferable that an IDT primarily including 
tantalum is formed on a rotated Y-cut X-propagating LiTa0 3 substrate, and in this state, the frequency is adjusted, and 
then, a Si0 2 film having a thickness that can reduce the attenuation constant a is formed. This is explained below with 
reference to Figs. 74 and 75. Tantalum IDTs having different thickness values and Si0 2 films having different thickness 
values were formed on a rotated Y-cut X-propagating LiTa0 3 substrate (Euler angles (0°, 126°, 0°)). Fig. 74 illustrates 
a change in the acoustic velocity of a leaky SAW with respect to the normalized thickness of the Si0 2 film. Fig. 75 
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illustrates a change in the acoustic velocity of a leaky SAW with respect to the normalized thickness of the tantalum 
electrode. Figs. 74 and 75 show that a change in the acoustic velocity of the SAW is much larger when the thickness 
of the tantalum IDT is varied than when the thickness of the Si0 2 film is varied. Accordingly, it is desirable that the 
frequency is adjusted before the formation of the Si0 2 film, for example, it is desirable that the frequency is adjusted 
5 after a tantalum IDT is formed by laser etching or ion etching. 

[0190] In this embodiment, as described above, a 14° to 58°-rotated Y-cut X-propagating LiTa0 3 substrate having 
Euler angles (0°, 104° to 48° ; 0°), a tantalum IDT having a normalized thickness H/X of 0.004 to 0.055, and a Si0 2 
film having a normalized thickness Hs/X of 0.10 to 0.40 are used. The number and the structure of IDTs are not par- 
ticularly restricted. That is, the present embodiment can be applied to, not only the SAW apparatus shown in Fig. 15, 
10 but also various types of SAW resonators and SAW filters as long as the above-described conditions are satisfied. 
[0191] G of the Euler angles may sometimes deviate from the desired angle by about -2° to +4°. This deviation is 
generated due to the fact that calculations were made in this embodiment, assuming that a metallic film was formed 
on the entire surface of the substrate, and there may be some errors within the above range in actual SAW apparatuses. 
[0192] When manufacturing SAW apparatuses, although <|> and y of the Euler angles deviate from 0° by ± 3°, sub- 
's stantially the same characteristic as that when $ and y are 0° can be obtained. 

[0193] A SAW apparatus of a seventh embodiment is described below. The SAW apparatus of the seventh embod- 
iment is similar to the SAW apparatus 21 of the second embodiment shown in Fig. 15. However, as the piezoelectric 
substrate 22, a 0° to 79°-rotated Y-cut X-propagating LiTa0 3 substrate having Euler angles (0°, 90° to 69°, 0°) was 
used, and IDTs made of platinum having the normalized thickness H/X of 0.005 to 0.054 were used. 
20 [0194] In the seventh embodiment, since the 0° to 79°-rotated Y-cut X-propagating LiTa0 3 substrate 22 having Euler 
angles (0°, 90° to 69°, 0°), the IDTs 23a and 23b made of platinum having a normalized thickness HA, of 0.005 to 
0.054, and the Si0 2 film 25 having a normalized thickness Hs/X of 0.10 to 0.40 were used, it is possible to provide a 
SAW apparatus that has an improved TCF, a large electromechanical coupling coefficient K SAW , and a small propa- 
gation loss. The seventh embodiment is described in detail below by way of a specific example. 
25 [0195] Figs. 76 and 77 illustrate a change in the attenuation constant awhen platinum IDTs having different thickness 
values and Si0 2 films having different thickness values were formed on a LiTa0 3 substrate having Euler angles (0°, 
125°, 0°) and a LiTa0 3 substrate having Euler angles (0°, 140°, 0°), respectively. 

[0196] As is seen from Fig. 76, when G is 125°, the attenuation constant a is small when the normalized thickness 
Hs/X of the Si0 2 film is 0.1 to 0.4 and when the normalized thickness H/X, of the platinum electrode is 0.005 to 0.06. 

30 In contrast, as is seen from Fig. 77, when G is 1 40°, the attenuation constant a is large when the normalized thickness 
H/X of the platinum electrode is 0.005 to 0.06 regardless of the normalized thickness Hs/X of the Si0 2 film. 
[0197] That is, in order to decrease the absolute value of the TCF, to achieve a large electromechanical coupling 
coefficient, and to decrease the attenuation constant, three conditions, i.e., the Euler angles of the LiTa0 3 substrate, 
the thickness of the Si0 2 film, and the thickness of the platinum electrode, must be considered. 

35 [0198] Figs. 78 and 83 illustrate relationships between the attenuation constant a and G when the normalized thick- 
ness Hs/X of the Si0 2 film and the normalized thickness H/X of the platinum electrode were changed. 
[0199] As is seen from Figs. 78 through 83, it is desirable that G is from 90° to 1 69° when the normalized thickness 
H/X of the platinum electrode is 0.005 to 0.054. Combinations of the normalized thickness Hs/X of the Si0 2 film and G 
that can reduce the attenuation constant a when the normalized thickness H/X of the platinum electrode is from 0.01 

40 to 0.04 and from 0.013 to 0.033 are shown in Table 12 and Table 13, respectively. The Euler angles of LiTa0 3 shown 
in Table 12 and Table 1 3 were selected so that the attenuation constant a becomes 0.05 or lower. The more preferable 
Euler angles shown in Table 1 2 and Table 1 3 were selected so that the attenuation constant a becomes 0.025 or lower. 
G shown in Table 1 2 and Table 1 3 may vary by about -2° to +4° due to a variation in the electrode finger width of the 
platinum electrode or a variation in the single crystal substrate. 

45 [0200] When manufacturing SAW apparatuses, although <|> and y of the Euler angles deviate from 0° by ± 3°, sub- 
stantially the same characteristic as that when $ and y are 0° can be obtained. 



Table 12 



Platinum normalized thickness H/X: 0.01 to 0.04 


Si0 2 normalized thickness (Hs/X) 


Euler angles of LiTa0 3 (°) 


More preferable Euler angles (°) 


0.10 < Hs/X < 0.15 


0+3, 90 to 169, 0±3 


0±3, 105 to 153, 0±3 


0.15 < Hs/X < 0.20 


0±3, 90 to 167, 0±3 


0±3, 105 to 152, 0±3 


0.20 < Hs/X < 0.25 


0±3, 90 to 167, 0±3 


0+3, 107 to 152, 0+3 


0.25 < Hs/X < 0.30 


0+3, 90 to 164, 0±3 


0+3, 104 to 151, 0+3 
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Table 12 (continued) 



Platinum normalized thickness H/X: 0.01 to 0.04 


Si0 2 normalized thickness (Hs/X) 


Euler angles of LiTa0 3 (°) 


More preferable Euler angles (°) 


0.30 < Hs/X <0.40 


0±3, 90 to 163, 0±3 


0±3, 105 to 150, 0±3 


Table 13 


Platinum normalized thickness H/X: 0.013 to 0.033 


Si0 2 normalized thickness (Hs/X) 


Euler angles of LiTa0 3 (°) 


More preferable Euler angles (°) 


0.10 < Hs/X < 0.15 


0±3, 106 to 155, 0±3 


0±3, 116.0 to 147.5, 0+3 


0.15 < Hs/X <0.20 


0±3, 104 to 155, 0±3 


0±3, 113.5 to 150.0, 0+3 


0.20 < Hs/X < 0.25 


0±3, 102 to 155, 0±3 


0±3, 111.5 to 150.0, 0±3 


0.25 < Hs/X <0.30 


0+3, 102 to 154, 0+3 


0+3, 112.0 to 146.0, 0+3 


0.30 < Hs/X <0.40 


0±3, 102 to 153, 0±3 


0±3, 110.0 to 144.5, 0+3 



20 

[0201] When the normalized thickness H/X of the platinum electrode is 0.01 to 0.04, as indicated in Table 12, the 
normalized thickness Hs/X of the Si0 2 film is set to be 0.1 to 0.4 in order to set the range of the TCF to be +20 ppm/ 
°C. In this case, 6 of the Euler angles of the LiTa0 3 substrate must be 90° to 1 69° (corresponding to the rotation angle 
of 0° to 79°), and more preferably, the Euler angles indicated at the right side of Table 12 are selected according to 

25 the normalized thickness Hs/X of the Si0 2 film. 

[0202] Similarly, when the normalized thickness H/X of the platinum electrode is 0.013 to 0.033 ; as indicated in Table 
13, the normalized thickness Hs/X of the Si0 2 film is set to be 0.1 to 0.4 in order to set the range of the TCF to be +20 
ppm/°C. In this case, G of the Euler angles of the LiTa0 3 substrate must be 102° to 155°, and more preferably, the 
Euler angles indicated at the right side of Table 1 3 are selected according to the normalized thickness of the Si0 2 film. 

30 [0203] The relationships between the Hs/X of the Si0 2 film and the Euler angles shown in Table 12 and Table 13 
when the normalized thickness H/X of the platinum electrode is from 0.013 to 0.033 were determined in terms of the 
normalized thickness H/X of the platinum electrode shown in Figs. 78 through 83. 

[0204] When manufacturing the SAW apparatus of this embodiment, it is preferable that an IDT primarily including 
platinum is formed on a rotated Y-cut X-propagating LiTa0 3 substrate, and in this state, the frequency is adjusted, and 

35 then, a Si0 2 film having a thickness that can reduce the attenuation constant a is formed. This is explained below with 
reference to Figs. 84 and 85. Platinum IDTs having different thickness values and Si0 2 films having different thickness 
values were formed on a rotated Y-cut X-propagating LiTa0 3 substrate (Euler angles (0°, 126°, 0°)). Fig. 84 illustrates 
a change in the acoustic velocity of a leaky SAW with respect to the normalized thickness of the Si0 2 film. Fig. 85 
illustrates a change in the acoustic velocity of a leaky SAW with respect to the normalized thickness of the platinum 

40 electrode. Figs. 84 and 85 show that a change in the acoustic velocity of the SAW is much larger when the thickness 
of the platinum IDT is varied than when the thickness of the Si0 2 film is varied. Accordingly, it is desirable that the 
frequency is adjusted before the formation of the Si0 2 film, for example, it is desirable that the frequency is adjusted 
after a platinum IDT is formed by laser etching or ion etching. 

[0205] In this embodiment, a 0° to 79°-rotated Y-cut X-propagating LiTaO a substrate having Euler angles (0°, 90° to 
45 169°, 0°), a platinum IDT having a normalized thickness H/X of 0.005 to 0.054, and a Si0 2 film having a normalized 
thickness Hs/X of 0.1 0 to 0.40 are used. The number and the structure of IDTs are not particularly restricted. That is, 
the present embodiment can be applied to, not only the SAW apparatus shown in Fig. 15, but also various types of 
SAW resonators and SAW filters as long as the above-described conditions are satisfied. 

[0206] A SAW apparatus of an eighth embodiment is described below. The SAW apparatus of the eighth embodiment 
so is similar to the SAW apparatus 21 of the second embodiment shown in Fig. 1 5. However, as the piezoelectric substrate 
22, a 14° to 50°-rotated Y-cut X-propagating LiTa0 3 substrate having Euler angles (0°, 104° to 140°, 0°) was used, 
and electrodes made of nickel (Ni) or molybdenum (Mo) were used. 

[0207] The IDTs 23a and 23b and the reflectors 24a and 24b are made of a metal having a density of 8700 to 1 0300 
kg/m 3 , a Young's modulus of 1 .8 x 10 11 to4x 10 11 N/m 2 > and a transversal-wave acoustic velocity of 31 70 to 3290 
55 m/s. Such a metal includes nickel, molybdenum, or an alloy primarily including nickel or molybdenum. The normalized 
thickness H/X of the IDTs 23a and 23b ranges from 0.008 to 0.06. 

[0208] In the eighth embodiment, since the 1 4° to 50°-rotated Y-cut X-propagating LiTa0 3 substrate 22 having Euler 
angles (0°, 104° to 140°, 0°), the IDTs 23a and 23b made of the above-described type of metal having a normalized 
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thickness H/X of 0.008 to 0.06, and the Si0 2 film 25 having a normalized thickness Hs/X of 0.1 0 to 0.40 were used, it 
is possible to provide a SAW apparatus that has an improved TCF, a large electromechanical coupling coefficient K SAW , 
and a small propagation loss. The eighth embodiment is described in detail below by way of a specific example. 
[0209] Figs. 86 and 87 illustrate a change in the attenuation constant a when nickel IDTs having different thickness 
5 values and Si0 2 films having different thickness values were formed on a LiTa0 3 substrate having Euler angles (0°, 
120°, 0°) and a LiTa0 3 substrate having Euler angles (0°, 140°, 0°). 

[0210] As is seen from Fig. 86, when 0 is 120°, the attenuation constant a is small when the normalized thickness 
Hs/X of the Si0 2 film is 0.1 to 0.4 and when the normalized thickness H/X of the nickel electrode is 0.008 to 0.08. In 
contrast, as is seen from Fig. 87, when G is 140°, the attenuation constant a is large when the normalized thickness 
10 H/X of the nickel electrode is 0.008 to 0.08 regardless of the normalized thickness Hs/X of the Si0 2 film. 

[0211] Figs. 88 and 89 illustrate a change in the attenuation constant a when molybdenum IDTs having different 
thickness values and Si0 2 films having different thickness values were formed on a LiTa0 3 substrate having Euler 
angles (0°, 120°, 0°) and a LiTa0 3 substrate having Euler angles (0°, 140°, 0°). 

[0212] As is seen from Fig. 88, when 0 is 120°, the attenuation constant a is small when the normalized thickness 
15 Hs/X of the Si0 2 film is 0.1 to 0.4 and when the normalized thickness H/X of the molybdenum electrode is 0.008 to 
0.08. In contrast, as is seen from Fig. 89. when 0 is 140°, the attenuation constant a is large when the normalized 
thickness HA, of the molybdenum electrode is 0.008 to 0.08 regardless of the normalized thickness Hs/A,of the Si0 2 film. 
[0213] That is, in order to decrease the absolute value of the TCF, to achieve a large electromechanical coupling 
coefficient, and to decrease the attenuation constant, three conditions, i.e., the Euler angles of the LiTa0 3 substrate, 
20 the thickness of the Si0 2 film, and the thickness of a metal having the above-described density, the Young's modulus, 
and the transversal-wave acoustic velocity, must be considered. 

[0214] Figs. 90 through 93 illustrate relationships between the attenuation constant a and 0 when the normalized 

thickness Hs/X of the Si0 2 film and the normalized thickness H/X of the nickel electrode were changed. 

[0215] Figs. 94 through 97 illustrate relationships between the attenuation constant a and 0 when the normalized 

25 thickness \-\s/X of the Si0 2 film and the normalized thickness H/X of the molybdenum electrode were changed. 

[0216] As is seen from Figs. 90 through 97, optimal combinations of the normalized thickness Hs/X of the Si0 2 film 
and 6 when the normalized thickness H/X of the nickel or molybdenum electrode is 0.008 to 0.06, 0.017 to 0.06, and 
0.023 to 0.06 are shown in Table 14. 0 shown in Table 1 4 may vary by about -2° to +4° due to a variation in the electrode 
fingerwidth or a variation in the single crystal substrate. 

30 [0217] When manufacturing SAW apparatuses, although § and y of the Euler angles deviate from 0° by ± 3°, sub- 
stantially the same characteristic as that when § and yare 0° can be obtained. 



Table 14 



Si0 2 normalized thickness (Hs/X) 


Euler angles of LiTa0 3 (°) 


More preferable Euler angles (°) 


0.1 - 0.2 


0+3, 105 to 140, 0±3 


0±3, 110 to 135, 0+3 


0.2 - 0.3 


0+3, 105 to 140, 0±3 


0±3, 108 to 135, 0+3 


0.3 - 0.4 


0+3, 104 to 139, 0+3 


0±3, 108 to 133, 0+3 



40 

[0218] Optimal combinations of the normalized thickness Hs/X of the Si0 2 film and 0 when the normalized thickness 
H/X of the nickel electrode is 0.008 to 0.06, 0.02 to 0.06, and 0.027 to 0.06 shown in Figs. 90 through 93 are shown 
in Table 15. 



Table 15 



Si0 2 normalized thickness (Hs/X) 


Euler angles of LiTa0 3 (°) 


More preferable Euler angles (°) 


0.1 - 0.2 


0±3, 106 to 140, 0±3 


0+3, 110 to 135, 0+3 


0.2-0.3 


0+3, 105 to 137, 0±3 


0±3, 108 to 134, 0+3 


0.3-0.4 


0+3, 104 to 133, 0±3 


0±3, 108 to 132, 0+3 



[0219] Optimal combinations of the normalized thickness Hs/X of the Si0 2 film and 0 when the normalized thickness 
H/X of the molybdenum electrode is 0.008 to 0.06, 0.01 7 to 0.06, and 0.023 to 0.06 shown in Figs. 94 through 97 are 
shown in Table 16. 
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Table 16 



Si0 2 normalized thickness (Hs/k) 


Euler angles of LiTa0 3 (°) 


More preferable Euler angles (°) 


0.1 - 0.2 


0+3, 107 to 141, 0+3 


0+3, 110 to 135, 0+3 


0.2 - 0.3 


0+3, 104 to 141, 0±3 


0+3, 109 to 135, 0+3 


0.3 - 0.4 


0±3, 104 to 138, 0±3 


0±3, 108 to 133, 0+3 



[0220] When the normalized thickness H/k of the electrode made of a metal having the above-described density, 
Young's modulus, and transversal-wave sonic velocity is 0.008 to 0.06, 0.017 to 0.06, and 0.023 to 0.06, as indicated 
in Table 14, the normalized thickness Hs/k of the Si0 2 film is set to be 0.1 to 0.4 in order to set the range of the TCF 
to be +20 ppm/°C. In this case, G of the Euler angles of the LiTa0 3 substrate must be 1 04° to 140° (corresponding to 
the rotation angle of 14° to 50°), and more preferably, the Euler angles indicated at the right side of Table 14 are 
selected according to the normalized thickness Hs/k of the Si0 2 film. 

[0221] Similarly, when the normalized thickness H/k of the nickel electrode is 0.008 to 0.06, 0.02 to 0.06, and 0.027 
to 0.06, the normalized thickness Hs/k of the Si0 2 film is set to be 0.1 to 0.4 in order to set the range of the TCF to be 
+20 ppm/°C. In this case, 6 of the Euler angles of the LiTa0 3 substrate must be 104° to 140°, and more preferably, 
the Euler angles indicated at the right side of Table 1 5 are selected according to the normalized thickness Hs/k of the 
Si0 2 film. 

[0222] Similarly, when the normalized thickness H/k of the molybdenum electrode is 0.008 to 0.06, 0.02 to 0.06, and 

0. 027 to 0.06, the normalized thickness Hs/?tof the Si0 2 film is set to be 0.1 to 0.4 in order to set the range of the TCF 
to be +20 ppm/°C. In this case, e of the Euler angles of the LiTa0 3 substrate must be 104° to 141 °, and more preferably, 
the Euler angles indicated at the right side of Table 1 6 are selected according to the thickness of the Si0 2 film. 
[0223] The Euler angles of LiTa0 3 shown in Table 1 4 through Table 1 6 were selected so that the attenuation constant 
becomes 0.1 or lower. The more preferable Euler angles shown in Table 14 through Table 16 were selected so that 
the attenuation constant becomes 0.05 or lower. The relationships between the Hs/k of the Si0 2 film and the Euler 
angles shown in Table 1 4 through Table 1 6 when the normalized thickness H/k of the electrode is from 0.095, 0.01 7, 
and 0.023 were determined in terms of the normalized thickness H/k of the nickel or molybdenum electrode shown in 
Figs. 90 through 97. 

[0224] When manufacturing the SAW apparatus of this embodiment, it is preferable that an IDT made of the above- 
described specific metal, such as nickel or molybdenum, is formed on a rotated Y-cut X-propagating LiTa0 3 substrate, 
and in this state, the frequency is adjusted, and then, a Si0 2 film having a thickness that can reduce the attenuation 
constant a is formed. This is explained below with reference to Figs. 98 through 101 . Nickel and molybdenum IDTs 
having different thickness values and Si0 2 films having different thickness values were formed on a rotated Y-cut X- 
propagating LiTaO s substrate (Euler angles (0°, 126°, 0°)). Figs. 98 and 1 00 illustrate a change in the acoustic velocity 
of a leaky SAW with respect to the normalized thickness of the nickel electrode and the normalized thickness of the 
molybdenum electrode, respectively. Figs. 99 and 101 illustrate a change in the acoustic velocity of a leaky SAW with 
respect to the normalized thickness of the Si0 2 film. By comparing Figs. 98 and 99, and Figs. 1 00 and 101, it is seen 
that a change in the acoustic velocity of the SAW is much larger when the thickness of the electrode is varied than 
when the thickness of the Si0 2 film is varied. Accordingly, it is desirable that the frequency is adjusted before the 
formation of the Si0 2 film, for example, it is desirable that the frequency is adjusted after a nickel or molybdenum IDT 
is formed by laser etching or ion etching. 

[0225] In this embodiment, a 14° to 50°-rotated Y-cut X-propagating LiTa0 3 substrate having Euler angles (0°, 104° 
to 140°, 0°), an IDT made of a metal having the above-described density, Young's modulus, and transversal-wave 
acoustic velocity, such as nickel or molybdenum, having a normalized thickness H/k of 0.008 to 0.06, and a Si0 2 film 
having a normalized thickness Hs/k of 0.1 0 to 0.40 are used. The number and the structure of IDTs are not particularly 
restricted. That is. the present embodiment can be applied to, not only the SAW apparatus shown in Fig. 15, but also 
various types of SAW resonators and SAW filters as long as the above-described conditions are satisfied. 

Claims 

1 . A surface acoustic wave apparatus comprising: 

a piezoelectric substrate (1) made of LiTa0 3 or LiNb0 3 whose electromechanical coupling coefficient is 15% 
or greater; 

at least one electrode provided on said piezoelectric substrate and made of a metal having a density higher 
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than Al or of an alloy primarily including said metal, or made of a laminated film (4A,5) including a metal having 
a density higher than Al or including an alloy primarily including the metal and another metal; 
afirst insulating layer (2) provided in an area otherthan an area in which said at least one electrode is provided, 
said first insulating layer (2) having substantially the same thickness as the thickness of said at least one 
electrode; and 

a second insulating layer (6) disposed to cover said at least one electrode and said first insulating layer, 

wherein the density of said at least one electrode is 1 .5 times or greaterthan the density of said first insulating 
layer (2). 

A surface acoustic wave apparatus comprising: 
a piezoelectric substrate (1); 

at least one electrode (4A) provided on said piezoelectric substrate; 

a protective metal film (5) provided on said at least one electrode and made of a metal or an alloy exhibiting 
a higher erosion-resistant characteristic than a metal or an alloy constituting said at least one electrode; 
afirst insulating layer (2) provided in an area otherthan an area in which said at least one electrode is provided, 
the thickness of said first insulating layer (2) being substantially the same as a total thickness of said at least 
one electrode (4A) and said protective metal film (5); and 

a second insulating layer (6) arranged to cover said protective metal film (5) and said first insulating layer (2). 

A surface acoustic wave apparatus according to claim 2, wherein the average density (p^ of a laminated structure 
of said at least one electrode (4A) and said protective metal film (5) is 1 .5 times or greater than the density (p 2 ) of 
said first insulating layer (2). 

A surface acoustic wave apparatus according to claim 1 , wherein the said first and second insulating layers (2,6) 
are made of Si0 2 . 

A surface acoustic wave apparatus according to claim 1 , wherein said surface acoustic wave apparatus utilizes 
the reflection of a surface acoustic wave. 

A surface acoustic wave apparatus according to claim 1, wherein: said piezoelectric substrate (1) is a LiTa0 3 
substrate having Euler angles (0+3°. 104° to 140°, 0+3°); said first and second insulating layers (2,6) are formed 
of a Si0 2 film; the normalized thickness Hs/X ranges from 0.03 to 0.45 where Hs indicates a total thickness of the 
Si0 2 film forming said first and second insulating layers (2,6), and X represents a wavelength of a surface acoustic 
wave; and the normalized thickness H/X of said at least one electrode satisfies the following expression (1): 

0.005 < HA < [(0.00025xp 2 ) - (0.01056xp) + (0.16473)] Expression (1) 

where H indicates the thickness of said at least one electrode, ^represents the wavelength of the surface acoustic 
wave, and p represents the average density of said at least one electrode. 

A surface acoustic wave apparatus according to claim 1, wherein: said piezoelectric substrate (1) is a LiTa0 3 
substrate having Euler angles (0±3°, 115° to 1 48°, 0±3°); said first and second insulating layers are formed of a 
Si0 2 film; the normalized thickness Hs/X ranges from 0.03 to 0.45 where Hs indicates a total thickness of the Si0 2 
film forming said first and second insulating layers (2,6) and X represents a wavelength of a surface acoustic wave; 
the metal having a density higher than Al has a density of 1 5000 to 23000 kg/m 3 , a Young's modulus of 0.5 x 1 0 11 
to 1 .0 x 1 0 11 N/m 2 , or a transversal-wave acoustic velocity of 1 000 to 2000 m/s: and the normalized thickness H/ 
X ranges from 0.01 3 to 0.032 where H indicates the thickness of said at least one electrode, and X represents the 
wavelength of the surface acoustic wave. 

A surface acoustic wave apparatus according to claim 7, wherein the metal having a density higher than Al is Au. 

A surface acoustic wave apparatus according to claim 7. wherein the Euler angles of the piezoelectric LiTa0 3 
substrate (1) are (0±3°, 132° to 148°, 0±3°). 
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10. A surface acoustic wave apparatus according to claim 7, wherein G of the Euler angles of the piezoelectric LiTa0 3 
substrate (1 ) is 115° or greater but smaller than 1 32° . 

1 1 . A surface acoustic wave apparatus according to claim 7, wherein the Euler angles (0±3°, 9, 0±3°) of the piezoe- 
lectric LiTa0 3 substrate (1 ). the normalized thickness H/X of said at least one electrode, and the normalized thick- 
ness Hs/X of the Si0 2 film forming said first and second insulating layers (2.6) are any one of combinations indicated 
in the following Table 1 7: 



Table 17 



G of Euler angles (0+3°, G, 0±3°) 


Electrode normalized thickness (H/X) 


Si0 2 film normalized thickness (Hs/X) 


120.0° <9 < 123.0° 


0.013 - 0.018 


0.15 - 0.45 


123.0° <9 < 124.5° 


0.013 - 0.022 


0.10-0.40 


124.5° <9 < 125.5° 


0.013 - 0.025 


0.07 - 0.40 


125.5° <9 < 127.5° 


0.013 - 0.025 


0.06 - 0.40 


127.5° <9 < 129.0° 


0.013 - 0.028 


0.04 - 0.40 


129.0° <9 < 130.0° 


0.017 - 0.030 


0.03 - 0.42 


130.0° <9 < 131.5° 


0.017 - 0.030 


0.03 - 0.42 


131.5° <9 < 133.0° 


0.018 - 0.028 


0.05 - 0.33 


133.0° <9 < 135.0° 


0.018 - 0.030 


0.05 - 0.30 


135.0° <9 < 137.0° 


0.019 - 0.032 


0.05 - 0.25 


137.0° <9< 140.0° 


0.019 - 0.032 


0.05 - 0.25 



12. A surface acoustic wave apparatus according to claim 7, wherein the Euler angles (0±3°, 9, 0±3°) of the piezoe- 
lectric LiTa0 3 substrate (1). the normalized thickness H/X of said at least one electrode, and the normalized thick- 
ness Hs/X of the Si0 2 film forming said first and second insulating layers (2.6) are any one of combinations indicated 
in the following Table 1 8: 



Table 18 



G of Euler angles (0±3°, G,0±3°) 


Electrode normalized thickness (H/X) 


Si0 2 film normalized thickness (H/X) 


129.0° <G < 130.0° 


0.022 - 0.028 


0.04 - 0.40 


130.0° <6 < 131.5° 


0.022 -0.028 


0.04 - 0.40 


131.5° <6 < 133.0° 


0.022 - 0.028 


0.05 - 0.33 


133.0° <G < 135.0° 


0.022 -0.030 


0.05 - 0.30 


135.0° <G < 137.0° 


0.022 - 0.032 


0.05 - 0.25 


137.0° <G < 140.0° 


0.022 - 0.032 


0.05 - 0.25 



13. A surface acoustic wave apparatus according to claim 1, wherein: said piezoelectric substrate (1) is a LiTa0 3 
substrate having Euler angles (0±3°, 113° to142°. 0±3°); said first and second insulating layers (2,6) are formed 
of a Si0 2 film; the normalized thickness Hs/X ranges from 0. 1 0 to 0.40 where Hs indicates a total thickness of the 
Si0 2 film forming said first and second insulating layers (2,6) and X represents a wavelength of a surface acoustic 
wave; the metal having a density higher than Al has a density of 5000 to 15000 kg/m 3 , a Young's modulus of 0.5 
x 10 11 to 1.0 x 10 11 N/m 2 , or a transversal-wave acoustic velocity of 1000 to 2000 m/s; and the normalized thick- 
ness H/X ranges from 0.01 to 0.08 where H indicates the thickness of said at least one electrode, and X represents 
the wavelength of the surface acoustic wave. 

14. A surface acoustic wave apparatus according to claim 13, wherein the metal having a density higher than Al is Ag. 

15. A surface acoustic wave apparatus according to claim 13, wherein the normalized thickness H/X of said at least 
one electrode is 0.01 to 0.08, the normalized thickness Hs/X of the Si0 2 film forming said first and second insulating 
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layers (2,6) and the Euler angles of the piezoelectric LiTa0 3 substrate (1)are any one of combinations indicated 
in the following Table 1 9: 

Table 19 



Electrode normalized thickness HA,: 0.01 to 0.08 


Si0 2 normalized thickness (HsA) 


Euler angles of LiTa0 3 (°) 


0.15 - 0.18 


0+3, 117 to 137, 0+3 


0.18-0.23 


0+3, 117 to 136, 0±3 


0.23 - 0.28 


0+3, 115 to 135, 0±3 


0.28 - 0.33 


0+3, 113 to 133, 0±3 


0.33-0.38 


0±3, 113 to 135, 0±3 


0.38-0.40 


0±3, 113 to 132, 0+3 



16. A surface acoustic wave apparatus according to claim 13, wherein the normalized thickness HA of said at least 
one electrode is 0.02 to 0.06, the normalized thickness HsA of the Si0 2 film forming said first and second insulating 
layers (2,6) and the Euler angles of the piezoelectric LiTa0 3 substrate (1) are any one of combinations indicated 
in the following Table 20: 



Table 20 



Electrode normalized thickness HA: 0.02 to 0.06 


Si0 2 normalized thickness (HsA) 


Euler angles of LiTa0 3 (°) 


0.15-0.18 


0±3, 120 to 133, 0±3 


0.18-0.23 


0+3, 120 to 137, 0+3 


0.23-0.28 


0+3, 120 to 135, 0±3 


0.28 - 0.33 


0±3, 118 to 135, 0±3 


0.33 - 0.38 


0+3, 115 to 133, 0+3 


0.38-0.40 


0+3, 113 to 130, 0±3 



17. A surface acoustic wave apparatus according to claim 13, wherein the normalized thickness HA of said at least 
one electrode is 0.03 to 0.05, the normalized thickness Hs/1 of the Si0 2 film forming said first and second insulating 
layers (2,6) and the Euler angles of the piezoelectric LiTa0 3 substrate (1) are any one of combinations indicated 
in the following Table 21 : 



Table 21 



Electrode normalized thickness HA: 0.03 to 0.05 


Si0 2 normalized thickness (HsA) 


Euler angles of LiTa0 3 (°) 


0.15 - 0.18 


0+3, 122 to 142, 0+3 


0.18-0.23 


0±3, 120 to 140, 0±3 


0.23 - 0.28 


0±3, 117 to 138, 0+3 


0.28 - 0.33 


0±3, 116 to 136, 0±3 


0.33 - 0.38 


0±3, 114 to 135, 0±3 


0.38 - 0.40 


0+3, 113 to 130, 0+3 



18. A surface acoustic wave apparatus according to claim 1, wherein: said piezoelectric substrate (1) is a LiTa0 3 
substrate having Euler angles (0+3°. 113°-137°, 0+3°); said first and second insulating layers (2,6) are formed of 
a Si0 2 film; the normalized thickness HsA ranges from 0.10 to 0.40 where Hs indicates a total thickness of the 
Si0 2 film forming said first and second insulating layers (2,6) and X represents a wavelength of a surface acoustic 
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wave; the metal having a density higher than Al has a density of 5000 to 1 5000 kg/m 3 , a Young's modulus of 1 .0 
x 10 11 to 2.05 x 10 11 N/m 2 , or a transversal-wave acoustic velocity of 2000 to 2800 m/s; and the normalized 
thickness H/X ranges from 0.01 to 0.08 where H indicates the thickness of said at least one electrode and ^rep- 
resents the wavelength of the surface acoustic wave. 

19. A surface acoustic wave apparatus according to claim 18, wherein the metal having a density higher than Al isCu. 

20. A surface acoustic wave apparatus according to claim 18, wherein the normalized thickness Hs/X of the Si0 2 film 
forming said first and second insulating layers (2,6) and the Euler angles of the piezoelectric LiTa0 3 substrate (1) 
are any one of combinations indicated in the following Table 22: 

Table 22 



Si0 2 normalized thickness (HsA) 


Euler angles of LiTa0 3 (°) 


0.15 - 0.18 


0+3, 117 to 137, 0±3 


0.18-0.23 


0±3, 117 to 136, 0±3 


0.23 - 0.28 


0+3, 115 to 135, 0+3 


0.28 - 0.33 


0+3, 113 to 133, 0±3 


0.33 - 0.38 


0±3, 113 to 135, 0±3 


0.38 - 0.40 


0+3, 113 to 132, 0±3 



21. A surface acoustic wave apparatus according to claim 18, wherein Gof the Euler angles (0+3°, 0, 0+3°) of the 
piezoelectric LiTa0 3 substrate (1) is in a range indicated by the following expression (2): 

9 min -2° < G < 0 min + 2° Expression (2) 

where G min is indicated by a value expressed by one of the following equation A through equation E when the 
normalized thickness H/X of said at least one electrode is in a range (a) through (e): 

(a) When 0 < H/X< 0.01 

G mjn = [(-139.71 3 XHs 3 )+ (43.071 32 XHs 2 ) - (20. 568011 X Hs) + 125.8314] A; 

(b) When 0.01 <H/X< 0.03 

9 min = [(-139.660 XHs 3 ) + (46.02985 XHs 2 )- (21 .1 41 500 XHs) + 127.4181] B; 

(c) When 0.03< H/X< 0.05 

G mjn = [(-139.607 XHs 3 ) +■ (48.98838 XHs 2 )- (21 .71 4900 XHs) + 129.0048] C; 

(d) When 0.05< HA, <0.07 

0 mjn = [(-11 2.068 XHs 3 ) + (39.60355 XHs 2 )- (21 .1 86000 X Hs) + 129.9397] D; 

and 

(e) When 0.07 < H/X< 0.09 

9 mjn = [(-126.954 XHs 3 ) +■ (67.40488 XHs 2 )- (29.432000 XHs) + 131.5686] E. 
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22. A surface acoustic wave apparatus according to claim 18, wherein the normalized thickness Hs/X of the Si0 2 film 
forming said first and second insulating layers (2,6) and the Euler angles of the piezoelectric LiTa0 3 substrate (1) 
are any one of combinations indicated in the following Table 23: 



Table 23 



Si0 2 normalized thickness (Hs/X) 


Euler angles of LiTa0 3 (°) 


0.15-0.18 


0+3, 117 to 125, 0±3 


0.18 - 0.23 


0±3, 117 to 125, 0±3 


0.23-0.28 


0+3, 115 to 125, 0±3 


0.28-0.33 


0±3, 113 to 125, 0±3 


0.33 - 0.38 


0+3, 113 to 125, 0±3 


0.38-0.40 


0+3, 113 to 125, 0±3 



23. A surface acoustic wave apparatus according to claim 1, wherein: said piezoelectric substrate (1) is a LiTa0 3 
substrate having Euler angles (0+3°. 112°-138°, 0+3°); said first and second insulating layers (2,6) are formed of 
a Si0 2 film; the normalized thickness Hs/X ranges from 0.10 to 0.40 where Hs indicates a total thickness of the 
Si0 2 film forming said first and second insulating layers (2,6) and X represents a wavelength of a surface acoustic 
wave; the metal having a density higher than Al has a density of 1 5000 to 23000 kg/m 3 , a Young's modulus of 2.0 
x 1 0 11 to 4.5 x 1 0 11 N/m 2 , or a transversal-wave acoustic velocity of 2800 to 3500 m/s; and the normalized thick- 
ness H/X ranges from 0.0025 to 0.06 where H indicates the thickness of said at least one electrode and X represents 
the wavelength of the surface acoustic wave. 

24. A surface acoustic wave apparatus according to claim 23, wherein the metal having a density higher than Al is 
tungsten. 

25. A surface acoustic wave apparatus according to claim 23, wherein the normalized thickness H/X of said at least 
one electrode is 0.01 2 to 0.053. 

26. A surface acoustic wave apparatus according to claim 25, wherein the normalized thickness H/X of said at least 
one electrode is 0.015 to 0.042. 

27. A surface acoustic wave apparatus according to claim 23, wherein said piezoelectric substrate is a LiTa0 3 substrate 
having Euler angles (0+3°, 115°-135°, 0+3°). 

28. A surface acoustic wave apparatus according to claim 23, wherein the normalized thickness H/X of said at least 
one electrode is 0.012 to 0.053, the normalized thickness Hs/X of the Si0 2 film forming said first and second 
insulating layers (2,6) and the Euler angles of the piezoelectric LiTa0 3 substrate (1) are any one of combinations 
indicated in the following Table 24: 



Table 24 



Electrode normalized thickness H/X: 0.012 to 0.053 


Si0 2 normalized thickness (Hs/X) 


Euler angles of LiTa0 3 (°) 


0.10 - 0.15 


0±3, 114.2 to 138.0, 0+3 


0.15 - 0.20 


0±3, 113.0 to 137.8, 0±3 


0.20-0.30 


0+3, 113.0 to 137.5, 0+3 


0.30-0.35 


0±3, 11 2.7 to 137.0, 0+3 


0.35 - 0.40 


0±3, 112.5 to 136.0, 0+3 



29. A surface acoustic wave apparatus according to claim 23, wherein the normalized thickness H/X of said at least 
one electrode is 0.015 to 0.042, the normalized thickness Hs/X of the Si0 2 film forming said first and second 
insulating layers (2,6) and the Euler angles of the piezoelectric LiTa0 3 substrate (1) are any one of combinations 
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indicated in the following Table 25: 



Table 25 



Electrode normalized thickness HA,: 0.015 to 0.042 


Si0 2 normalized thickness (HsA) 


Euler angles of LiTa0 3 (°) 


0.10-0.15 


0±3, 114.3 to 138.0, 0±3 


0.15 - 0.20 


0±3, 113.0 to 137.5, 0±3 


0.20-0.30 


0±3, 112.5 to 137.0, 0+3 


0.30-0.35 


0±3, 112.2 to 136.5, 0±3 


0.35 - 0.40 


0±3, 112.0 to 135.3, 0±3 



30. A surface acoustic wave apparatus according to claim 1, wherein: said piezoelectric substrate (1) is a LiTa0 3 
substrate having Euler angles (0±3°, 104°-148°, 0±3°); said first and second insulating layers (2,6) are formed of 
a Si0 2 film; the normalized thickness HsA, ranges from 0.10 to 0.40 where Hs indicates a total thickness of the 
Si0 2 film forming said first and second insulating layers (2,6) and X represents a wavelength of a surface acoustic 
wave; the metal having a density higher than Al has a density of 1 5000 to 23000 kg/m 3 , a Young's modulus of 1 .0 
x 1 0 11 to 2.0 x 1 0 11 N/m 2 , or a transversal-wave acoustic velocity of 2000 to 2800 m/s; and the normalized thick- 
ness HA ranges from 0.004 to 0.055 where H indicates the thickness of said at least one electrode and X represents 
the wavelength of the surface acoustic wave. 

31. A surface acoustic wave apparatus according to claim 30, wherein the metal having a density higher than Al is 
tantalum. 

32. A surface acoustic wave apparatus according to claim 30, wherein the normalized thickness HA of said at least 
one electrode is 0.01 to 0.055. 

33. A surface acoustic wave apparatus according to claim 30, wherein the normalized thickness HA of said at least 
one electrode is 0.01 6 to 0.045. 

34. A surface acoustic wave apparatus according to claim 30, wherein said piezoelectric substrate (1) is a LiTa0 3 
substrate having Euler angles (0±3°, 111°-143°, 0±3°). 

35. A surface acoustic wave apparatus according to claim 30, wherein the normalized thickness HA of said at least 
one electrode is 0.01 to 0.055, the normalizedthickness HsAof the Si0 2 filmforming said first and second insulating 
layers (2,6) and the Euler angles of the piezoelectric LiTa0 3 substrate (1) are any one of combinations indicated 
in the following Table 26: 



Table 26 



Electrode normalized thickness HA: 0.01 to 0.055 


Si0 2 normalized thickness (HsA) 


Euler angles of LiTa0 3 (°) 


0.10 - 0.15 


0±3, 11 0.5 to 148.0, 0±3 


0.15-0.20 


0+3, 108.0 to 147.5, 0±3 


0.20-0.30 


0±3, 105.0 to 148.0, 0+3 


0.30 - 0.35 


0+3, 104.5 to 148.0, 0±3 


0.35-0.40 


0+3, 104.0 to 145.0, 0±3 



36. A surface acoustic wave apparatus according to claim 30, wherein the normalized thickness HA of said at least 
one electrode is 0.016 to 0.045, the normalized thickness HsA of the Si0 2 film forming said first and second 
insulating layers (2,6) and the Euler angles of the piezoelectric LiTa0 3 substrate (1) are any one of combinations 
indicated in the following Table 27: 



36 



EP 1 391 988 A2 



Table 27 



Electrode normalized thickness HA,: 0.016 to 0.045 


Si0 2 normalized thickness (HsA) 


Euler angles of LiTa0 3 (°) 


0.10 - 0.15 


0+3, 113.0 to 144.0, 0+3 


0.15 - 0.20 


0±3, 11 1.0 to 144.0, 0±3 


0.20-0.30 


0±3, 108.0 to 144.0, 0+3 


0.30-0.35 


0±3, 107.5 to 143.0, 0±3 


0.35-0.40 


0+3, 107.0 to 140.5, 0+3 



37. A surface acoustic wave apparatus according to claim 1, wherein: said piezoelectric substrate (1) is a LiTa0 3 
substrate having Euler angles (0+3°, 90°-169°, 0±3°); said first and second insulating layers (2,6) are formed of 
a Si0 2 film; the normalized thickness HsA ranges from 0.10 to 0.40 where Hs indicates a total thickness of the 
Si0 2 film forming said first and second insulating layers (2,6) and X represents a wavelength of a surface acoustic 
wave; the metal having a density higher than Al has a density of 1 5000 to 23000 kg/m 3 , a Young's modulus of 1 .0 
x 10 11 to 2.0 x 10 11 N/m 2 , or a transversal-wave acoustic velocity of 1000 to 2000 m/s; and the normalized thick- 
ness HA ranges from 0.005 to 0.054 where H indicates the thickness of said at least one electrode and X represents 
the wavelength of the surface acoustic wave. 

38. A surface acoustic wave apparatus according to claim 37, wherein the metal having a density higher than Al is 
platinum. 

39. A surface acoustic wave apparatus according to claim 37, wherein said piezoelectric substrate (1) is a LiTa0 3 
substrate having Euler angles (0+3°, 90°-155°, 0±3°), and the normalized thickness HA of said at least one elec- 
trode is 0.01 to 0.04. 

40. A surface acoustic wave apparatus according to claim 39, wherein the normalized thickness HsA of the Si0 2 film 
forming said first and second insulating layers (2,6) and the Euler angles of the piezoelectric LiTa0 3 substrate (1) 
are any one of combinations indicated in the following Table 28: 



Table 28 



Electrode normalized thickness HA: 0.01 to 0.04 


Si0 2 normalized thickness (HsA) 


Euler angles of LiTa0 3 (°) 


0.1 0< HsA <0.15 


0+3, 90 to 169, 0+3 


0.15 < HsA < 0.20 


0+3, 90 to 167, 0+3 


0.20 < HsA < 0.25 


0+3, 90 to 167, 0+3 


0.25 < HsA < 0.30 


0+3, 90 to 164, 0±3 


0.30 < HsA < 0.40 


0+3, 90 to 163, 0+3 



41. A surface acoustic wave apparatus according to claim 37, wherein said piezoelectric substrate (1) is a LiTa0 3 
substrate having Euler angles (0+3°, 102°-150°, 0+3°), and the normalized thickness HA of said at least one 
electrode is 0.013 to 0.033. 

42. A surface acoustic wave apparatus according to claim 41 , wherein the normalized thickness HsA of the Si0 2 film 
forming said first and second insulating layers (2,6) and the Euler angles of the piezoelectric LiTa0 3 substrate (1) 
are any one of combinations indicated in the following Table 29: 
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Table 29 



Electrode normalized thickness HA,: 0.013 to 0.033 


Si0 2 normalized thickness (Hs/X) 


Euler angles of LiTa0 3 (°) 


0.10 < Hs/X< 0.15 


0±3, 106 to 155, 0±3 


0.15 < Hs/?i< 0.20 


0±3, 104 to 155, 0±3 


0.20 < Hs/X< 0.25 


0±3, 102 to 155, 0+3 


0.25 < Hs/X < 0.30 


0±3, 102 to 154, 0±3 


0.30 < Hs/X< 0.40 


0±3, 102 to 153, 0+3 



43. A surface acoustic wave apparatus according to claim 1, wherein: said piezoelectric substrate (1) is a LiTa0 3 
substrate having Euler angles (0±3°, 104°-150°, 0±3°); said first and second insulating layers (2,6) are formed of 
a Si0 2 film; the normalized thickness HS/X ranges from 0.10 to 0.40 where Hs indicates a total thickness of the 
Si0 2 film forming said first and second insulating layers (2,6) and X represents a wavelength of a surface acoustic 
wave; the metal having a density higher than A1 has a density of 5000 to 15000 kg/m 3 , a Young's modulus of 2.0 
x 1 0 11 to 4.5 x 1 0 11 N/m 2 , or a transversa I -wave acoustic velocity of 2800 to 3500 m/s; and the normalized thick- 
ness H/X, ranges from 0.008 to 0.06 where H indicates the thickness of said at least one electrode and X represents 
the wavelength of the surface acoustic wave. 

44. A surface acoustic wave apparatus according to claim 43, wherein the metal having a density higher than Al is Ni. 

45. A surface acoustic wave apparatus according to claim 44, wherein the normalized thickness H/X of said at least 
one electrode is 0.02 to 0.06. 

46. A surface acoustic wave apparatus according to claim 44, wherein the normalized thickness H/X of said at least 
one electrode is 0.027 to 0.06. 

47. A surface acoustic wave apparatus according to claim 44, wherein the normalized thickness Hs/X, of the Si0 2 film 
forming said first and second insulating layers (2,6) and the Euler angles of the piezoelectric LiTa0 3 substrate (1) 
are any one of combinations indicated in the following Table 30: 



Table 30 



Si0 2 normalized thickness (Hs/X) 


Euler angles of LiTa0 3 (°) 


0.1 - 0.2 


0±3, 106 to 140, 0±3 


0.2 - 0.3 


0±3, 105 to 137, 0±3 


0.3-0.4 


0+3, 104 to 133, 0+3 



48. A surface acoustic wave apparatus according to claim 43, wherein the metal having a density higher than Al is Mo. 

49. A surface acoustic wave apparatus according to claim 48, wherein the normalized thickness H/X. of said at least 
one electrode is 0.01 7 to 0.06. 

50. A surface acoustic wave apparatus according to claim 48, wherein the normalized thickness H/X. of said at least 
one electrode is 0.023 to 0.06. 

51 . A surface acoustic wave apparatus according to claim 48, wherein the normalized thickness Hs/X of the Si0 2 film 
forming said first and second insulating layers (2,6) and the Euler angles of the piezoelectric LiTa0 3 substrate (1) 
are any one of combinations indicated in the following Table 31 : 



Table 31 



Si0 2 normalized thickness (HS/X) 


Euler angles of LiTa0 3 (°) 


0.1 -0.2 


0+3, 107 to 141, 0±3 
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Table 31 (continued) 



Si0 2 normalized thickness (HS/X) 


Euler angles of LiTa0 3 (°) 


0.2-0.3 


0+3, 104 to 141, 0+3 


0.3-0.4 


0+3, 104 to 138, 0±3 



52. A surface acoustic wave apparatus accordingto claim 1 , wherein said at least one electrode is formed of a laminated 
film including an electrode layer (4A) made of a metal or of an alloy having a density higher than Al, and at least 
10 one electrode layer (5) made of another metal, and the average density p of said at least one electrode is indicated 

by the following expression: 



15 



20 



p0 X 0.7 < p < p0 X 1 .3 

wherein pO indicates the density of the metal having a density higher than Al. 

53. A surface acoustic wave apparatus according to claim 1 , wherein a difference of the height of the surface of said 
second insulating layer (6) is 30% or smaller of the thickness of said at least one electrode. 

54. A surface acoustic wave apparatus according to claim 1 , wherein a leaky surface acoustic wave is used. 

55. A manufacturing method for a surface acoustic wave apparatus, comprising the steps of: 

25 preparing a piezoelectric substrate (1); 

forming a first insulating layer (2) on the entirety of one surface of the piezoelectric substrate (1); 
removing, by using a resist pattern (3) for forming an electrode pattern including at least one electrode, the 
first insulating layer (2) in an area in which said at least one electrode is to be formed, and maintaining a 
laminated structure of the first insulating layer (2) and the resist pattern (3) in an area other than the area in 

30 which said at least one electrode is to be formed; 

forming said at least one electrode by forming an electrode film (4) including a metal having a density higher 
than Al, or including an alloy primarily including the metal, in the area in which the first insulating layer is 
removed such that the thickness of the electrode film becomes substantially the same as the thickness of the 
first insulating layer; 

35 removing the resist pattern (3) remaining on the first insulating layer (2); and 

forming a second insulating layer (6) to cover the first insulating layer (2) and said at least one electrode. 

56. A manufacturing method according to claim 55, wherein the density of the metal or the alloy forming said at least 
one electrode is 1 .5 times or greater than the density of the first insulating layer (2). 

40 

57. A manufacturing method for a surface acoustic wave apparatus, comprising the steps of: 

preparing a piezoelectric substrate (1); 

forming a first insulating layer (2) on the entirety of one surface of the piezoelectric substrate; 
45 removing, by using a resist pattern (3) for forming at least one electrode, the first insulating layer (2) in an area 

in which said at least one electrode (4A) is to be formed, and maintaining a laminated structure of the first 
insulating layer (2) and the resist pattern (3) in an area other than the area in which said at least one electrode 
is to be formed; 

forming said at least one electrode (4A) by forming a metal or an alloy in the area in which the first insulating 

so layer is removed; 

forming, after the formation of said at least one electrode (4A), a protective metal film (5) made of a metal or 
alloy exhibiting a higher erosion-resistant characteristic than the metal or the alloy forming said at least one 
electrode, on the entire surface of said at least one electrode (4A) such that the height of the electrode (4A) 
plus protective metal film (5) becomes substantially the same as the height of the first insulating layer (2); 

55 removing the resist pattern (3) on the first insulating layer (2) and the protective metal film laminated on that 

resist pattern; and 

forming a second insulating layer (6) to cover the first insulating layer (2) and the protective metal film (5) 
formed on said at least one electrode (4A). 
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58. A manufacturing method according to claim 57, wherein the metal or the alloy forming said at least one electrode 
(4A) and the metal or the alloy forming the protective metal film (5) are selected such that the average density (p-|) 
of the laminated structure of said at least one electrode (4A) and the protective metal film (5) becomes 1 .5 times 
or greater than the density (p 2 ) of the first insulating layer (2). 

59. A manufacturing method for a surface acoustic wave apparatus, comprising the steps of: 

preparing a piezoelectric substrate (41); 

forming an electrode (42) on the piezoelectric substrate; 

forming an insulating layer to cover the electrode (43); and 

planarizing a difference of the height of the insulating layer (43) between a portion where the electrode (42) 
is present and a portion where the electrode is not present. 

60. A manufacturing method according to claim 59, wherein the planarizing step is performed by an etch back process, 
a reverse sputtering process, or a polishing process. 

61. A manufacturing method according to claim 55, wherein the metal constituting said electrode (42) is made of a 
material selected from the group consisting of Au, Cu, Ag, W. Ta, Pt, Ni, Mo and an alloy primarily including these 
metals, and the insulating layer (6) is made of Si0 2 . 
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FIG. 12A 
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FIG. 54 
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NORMALIZED THICKNESS OF Si02 FILM (Hs/X) = 0.45 
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FIG. 62 

NORMALIZED THICKNESS OF S1O2 FILM (Hs/X) = 0.1 
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FIG. 70 

NORMALIZED THICKNESS OF Si02 FILM (Hs/?i) = 0.1 
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